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JBST/2.ACT
(1) The in vivo reduction of nitrate occurred in the absence of a 
gastrointestinal flora in the rat .and nitrate reductase activity was 
found in the mucosae of the stomach and small intestine.
(2) The pH of the intestinal tract was decreased by the gut flora but 
its influence on stomach pH was less clear. Fasting increased the pH of
“ —    - ..
(3) N-nitrosation occurred primarily in the acid environment of the 
stomach and in rats fed a commercial diet, was potentiated by unidentified 
products of microbial metabolism. In rats fed a purified diet, no influence 
of the flora was observed.
(4) The endogenous synthesis of nitrate was demonstrated and an increase 
in the protein content of the diet increased both nitrate and nitrosamine , 
synthesis. The gastrointestinal flora appeared to reduce some of the 
endogenously formed nitrate and it is proposed that the synthesis of
(5) The inhibition of N-nitrosation by dietary fats was demonstrated, 
butterfat having the greatest inhibitory effect. The effect of butterfat 
was shown to be primarily the result of the inhibition of nitrate 
reductase activity in the stomach.
(6) The protein and fat content of the diet and the presence of a
" ■ i l —
microbial flora had no effect on nitrosamine N-demethylating activity 
by liver S_q fractions and a higher activity was present in fractions 
from male rats. Nitrosamine N-demethylating activity was also present 
in small intestinal S_ 9  fractions and a protective influence of the 
small intestinal mucosa in nitrosamine-induced damage is proposed.
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D EFINITIONS
Germfree (GF) - Free from any other detectable form of life. 
Conventional (Œ) - Harbouring the "normal" indigenous but
undefined microfloraL 
Gnotobiotic (GN) -D escribes an animal in which all the life
forms are known. Chn also be used to describe 
the GF animal ,
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SECTION 1
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- THE GASTROINTESTINAL FLCR A OF THE R AT 
1.1; INTRODUCTION
The entry of chemicals into the systemic circulation can occur through 
all routes of exposure but most commonly occurs after oral ingestion.
The gastrointestinal tract is an important site in the absorption of 
xenobiotics (Schanker, 1971). Absorption can take place from any section 
of the tract but, because of the large surface area and rich blood supply, 
it most commonly occurs from the small intestine. Many orally ingested 
compounds, especially poorly absorbed ones, can potentially be metabolised 
: by the intestinal flora before entering the systemic circulation.
Xenobiotics can also be exposed to the action of the gut flora after
secretion into the gut either directly from the systemic circulation or 
as a constituent of bile.
Due to the anaerobic nature of the lower gut, reactions carried out by 
the resident flora in the in vivo metabolism of foreign compounds are 
mainly reductive and degradative in nature as opposed to the primarily 
oxidative and conjugative processes of mammalian engyme systems. The 
gut flora is however capable of synthetic reactions, e.g. the synthesis 
of vitamins, but the large redox potential of the lower gut favours the 
reduction and degradation of xenobiotics.
1.2. THE ECOLOGY OF THE GUT FLORA
As a single entity, the flora is comparable in weight to the larger organs
of the body. Many different species are represented but not all have been 
characterised as the greater proportion of them are very fastidious in
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their growth requirements. Comprehensive reviews on the ecology of the 
gastrointestinal flora have been written by Savage (1977, 1984). The
review presented here pertains mainly to the rat although some information 
was obtained in other species.
The interaction of the neonate with the environment leads to the 
establishment of characteristic groups of organisms in certain regions 
of the body. Of major importance is the microbial ecosystem which is 
established in the gut. The structure of the gut dictates the localisation 
and to some extent, the composition of the flora. In adult rats, stable 
communities are established in various regions of the gut from mouth to 
rectum. Greatest colonisation usually occurs in regions of relative 
stasis, e.g. caecum and colon, where the flow rate of the contents does 
not exceed the doubling rate of the microbial population.
The rat gastrointestinal tract consists of 5 major areas : oesophagus, 
stomach, small intestine, caecum and colon. The anatomy of the stomach 
is unique. The non-glandular forestomach has rumen-like mucosal folds 
covered with stratified squamous epithelium and serves as a reservoir. A 
glandular region, the corpus, is characterised by gastric pits lined 
With simple, columnar, secreting epithelium. Any microbes isolated from 
gastric contents may be transients, having passed from habitats proximal 
to the stomach or having been present in ingested material. In both 
suckling and adult rats, the non-secreting epithelium is colonised often 
in a thick layer, bv Lactobacillus sp. and streptococcus sp. (Morotomi, 
Watanabe, Suegara, Kawai & Mutai, 1975). The secreting epithelium is 
colonised, also frequently in a thick layer, by yeasts of a particular
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species of Candida (Savage, 1983). Although other microbial types have 
been found in the stomach contents of rats, only lactic acid bacteria 
and yeasts are consistently present and in association with epithelial 
surfaces, a characteristic.critical for the maintenance of microbial 
colonies in regions of low stasis (Savage, 1977).
The duodenum and upper jejunum appear to be free of flora associated 
with epithelial surfaces, but luminal colonisation, presumably by 
transients, e.g. lactic acid bacteria, anaerobic streptococci and yeasts, 
does occur (Morotomi et al., 1975; Savage, 1977). In contrast, the lower 
jejunum and ileum have been found to contain Gram-positive, segmented, 
filamentous bacteria associated with epithelial cells (Savage, 1969,
1984). These have not been cultured in vitro, but from microscopic 
estimation, may be present in large numbers. This indigenous population 
can be augmented with transients originating in upper regions of the 
gastrointestinal tract or from the caecal'flora finding its way into the 
lower part of the ileum through the ileo-caecal valve. This luminal flora 
consists of anaerobic streptococci, lactic acid bacteria and coliforms 
and because of the low flow rate of intestinal contents in this region, 
large populations can develop (Morotomi et al., 1975).
The caecum and colon are areas of relative stagnation in the gastro­
intestinal tract and enormous populations Occur in the lumina of these 
regions. The flora is composed primarily of Gram-positive and Gram-negative, 
obligate anaerobes, e.g. Bifidobacterium sp. Clostridium sp. Fusobacterium sp, 
and Bacteroides sp. (Davis, 1976; Morotomi et al.; 1975, Savage,1977). 
Facultative anaerobes, e.g. Escherechia coli, are greatly outnumbered.
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Many of the organisms adhere to the surfaces of particles of digesta.
In addition, the mucus of the epithelium in these areas is colonised by 
spiral-shaped bacteria and the crypts of Lieberkuhn have been found to 
contain both spirochaetes and spiral-shaped bacteria 0 avis, Mulcahy, 
Takeuchi & Savage, 1972; Gustafsson, 1984; Leach, Lee & Stubbs, 1973).
All of the microbial types associated with epithelia colonise a particular 
epithelium in a particular region of the alimentary canal. They are 
established either in suckling or weanling rats/multiply rapidly and 
remain at high population levels throughout the lives of healthy rodents.
The residue remaining after passage of the ingesta through the gut is the 
result of complex processes that began even before food was consumed.
These activities include microbial growth and action before consumption, 
the digestive and absorptive functions of the host and microbial metabolism 
in different parts of the gastrointestinal tract. Up to 40% of fresh 
faeces consists of wet microbial cells shed from all possible regions 
proximal to the anus (Savage, 1977). The faeces represent a complex 
ecosystem which may not always be indicative of the floral composition 
of the gastrointestinal tract. However, a qualitative assessment of the 
alimentary tract flora can be extrapolated from faecal data.
The succession of the flora in neonates has been studied in many species 
(Smith, 1965,a; Brunei & Gouet, 1981). Soon after birth, the flora of 
the rat is composed mainly of staphylococci, micrococci and streptococci, 
but lactobacilli rapidly become the dominant species in the- entire 
alimentary tract. At 1 to 4 days, large numbers of facultative anaerobes
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such as Escherechia coli and Streptococcus faecalis are present, but 
these begin to decrease in older rats. Sporing species are present at 
about the eighth day. Once the animal begins to sample solid food, strict 
anaerobes can be detected, usually in the large intestine (Lee & Geramell, 
1972; Savage, 1984). The numbers of these strict anaerobes increase 
progressively with concomitant decrease in the population of facultative 
organisms and by the time of weaning are at adult climax levels. The 
yeasts that colonise the stomach epithelium and the segmented, filamentous 
microbes that inhabit the ileal villi can be detected only after weaning 
(Davis & Savage, 1974; Smith, 1965,a).Contrary to widely held opinion, 
the first organisms to appear in neonates are not those which are most 
in the faecal and vaginal flora., of’’the■'mother but seeto to be derived : *;
fromi-the superficial mammary flora . (Brunei et al. , 1981) .
A result of the successional colonisation of the gastrointestinal tract 
is its increasingly -anaerobic nature. JR edox potentials in the gut should 
therefore decrease with the increasing colonisation of the tract. In 
experiments carried out with GF Lobund rats of Wistar origin, it has 
been shown that their caecal contents were 250-300 mV more positive 
than those of CV rats (Wostmann & Bruckner-Kardoss, 1966).
From birth, the mammalian organism is constantly subjected to microbial 
challenge from the environment. Animal experiments have suggested that 
the flora grows at less than its potential growth maximum (Gibbons & 
Kapsimalis, 1967). Such a low rate of multiplication is probably the 
result of a multifactorial process involving the host, flora and 
environment. The differentiation of the rat’s stomach into 2 parts allows
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bacteria to multiply in the anterior portion before entering the low pH 
environment of the glandular region, where many are destroyed. In this 
area of the stomach, only acid-tolerant organisms can flourish and colonise 
the gastric epithelium (Artwohl & Savage, 1979/ Kunstyr, Peters & Gartner, 
1976; Smith, 1965,b). In addition to the fact that the motility of the 
gut is mediated by the presence of the flora (Abrams & Bishop, 1967; 
Gustafsson & Norman, 1969) the mechanical clearing of intestinal contents 
by peristaltic action, aided by the secretion of mucus, pl^s a major 
role in the distribution of the gastrointestinal flora. (Dixon, 1960).
An intriguing but poorly understood mechanism is the influence of the 
host's immunological system on intestinal colonisation. Some bacterial 
inhabitants can elicit a cellular and serai response but a clearly 
defined role for immunological control has not yet been shown (Freter,
1971; Savage, 1984; Shedlofsky & Freter, 1974).
In vitro studies have demonstrated that unconjugated bile acids inhibit 
the growth of certain intestinal bacteria (Binder, FilburnSFloch, 1975; 
Floch, Binder, Filburn & Gershengoren, 1972) but the same has not yet 
been proved conclusively in vivo (Burke, Stone, Beaman & Gracey, 1977).
As the intestinal flora is involved in bile acid metabolism in vivo, a 
close relationship between the two may exist.
There is some evidence that dietary changes can influence the floral 
composition in rats, but due to the experimental limitations in 
culturing, estimating and identifying the intestinal flora, a clearly 
defined role for the diet cannot be demonstrated. High protein diets
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.have been found to increase intestinal Enterobacteriaceae, Streptococcus 
and Clostridium perfringens. Low protein diets decreased the populations 
of the above species. The numbers of lactobacilli and yeasts were 
decreased by a diet with a low cereal content (Chung, Fulk & Silverman,
1979/ Smith, 1965,b; Takahashi, Kametaka &Mitsuoka, 1983). There is 
equivocal evidence that high fat diets increased the faecal populations 
of Clostridium perfringens (Ferrari s Pacini, 1976/ Graber, O'Neal &
Rabin, 1965). Mallett, Rowland and Wise (1984) reported that beef fat 
and safflower oil significantly decreased the number of caecal bacteria 
and fats reduced the proportion of aerobes within the total bacterial 
population. In rats provided with an adequate supply of food, the effect 
of coprophagy on the microbial population of the intestines was small, 
but a marked influence was noted in rats from which food had been 
witheld (Smith, 1965,b).
Apart from host-mediated regulatory syste!ns> self-regulation by the gut 
flora is probably an important means of influencing both its growth and 
composition. It is known that the anaerobic nature of the lower gut 
permits the growth of certain species only. The inoculation of the 
gastrointestinal tract of GF rats with a mixed culture of caecal bacteria 
brought about a progressive decrease in the redox potential of the tract
within a few hours (Morotomi et al., 1975). It is likely that facultative
organisms pave the way for the establishment of strict anaerobes by 
consuming any 02 present in the alimentary tract. Further studies have
shown that it is the pÜ2 rather than the E^ which is inhibitory to growth
(Loesch, 1969/ Onderdonk, Johnson, Mayhew & Gorbach, 19 76/ Walden & Hentges, 
1975) and that aerotolerant organisms have the superoxide dismutase enzyme
which is capable of scavenging the biologically-produced superoxide 
radical whereas strict anaerobes do not (McCord, Keele & Fridovich, 1971).
The production of bacitracin and the apparently protein-like bacteriocins 
by the resident flora may be of value in the microbial regulation of the 
gastrointestinal ecosystem (Booth, Johnson & Wilkins, 1977 ; Ducluzeau,
Oubbs, Raibaud & Abrams,1978; Nomura, 1957). The growth of Gram-positive 
and to a lesser extent Gram-negative bacteria are inhibited by volatile 
fatty acids. It has been shovn that fusiform bacteria are responsible 
for the presence of these acids (mainly butyric) which inhibit the growth 
of coliforms (Lee et al. , 19 72) . The suppressive activity of these acids 
is maximal at the pH and values of the large bowel (Bryne & D ankert,
1979,* Wolin, 19 74) . It is possible however, that the role of pH and 
volatile fatty acids is less important in the microbial regulation of 
aerobic flora in the rat than in the mouse (Guiot, 1981).
The environment on gut epithelial surfaces is also a determining factor 
in microbial colonisation of the gastrointestinal tract. This is illustrated 
by the competition between indigenous lactobacilli and yeasts in the 
rodent stomach (Savage, 1969).Furthermore, the ability to associate with 
epithelial surfaces makes it possible for a flora to remain in regions 
with high transit times (Fuller, 1981).
Although the population profile of the intestinal flora can be modified 
by environmental and physiological variables, in the healthy rat it 
remains remarkably stable. Perturbations are usually the result of extreme 
dietary modification, including the ingestion of therapeutic compounds or
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invasion by pathogenic organisms.
1.3. XENOBIOTIC METABOLISM BY THE GASTROINTESTINAL FLORA 
The reactions carried out by the gut flora are generally reductive and 
degradative in nature although synthetic and oxidative processes can 
occur. Excellent reviews on the metabolic activities of the gut flora 
have been published (Boxenbaum, Berkersky, Jack & Kaplan, 1979/ Goldman, 
1978; Rowland, 1981/ Scheline, 1973, 1980/ Smith, 1978/ Smith & Bryant, 
1979/ Walker, 1973). The reactions are studied in vitro using pure and 
mixed cultures of intestinal and faecal bacteria. In vivo investigations 
utilise antibiotically “decontaminated animals or preferably GN species. 
Known reactions of the gut flora which have been studied in vivo or in 
vitro are presented below.
Glycoside Hydrolysis : .
The significance of glycoside hydrolysis by the resident flora of the 
gut has 2 aspects with regard to the in vivo metabolism and disposition 
of xenobiotics i.e. metabolic activation to a toxic intermediate and 
prolonged residence time in the corpus via the enterohepatic circulation. 
Although entero bacteria and enterococci have a higher specific activity 
for glycoside hydrolysis in the gut, the non-sporing' anaerobes by virtue 
of their numerical superiority are the principal hydrolysers of glycosides 
in vivo (Hawksworth, Drasar & Hill, 1971).
The ubiquitous nature of plant glycosides is well known. They are 
synthetised by plants as a means of detoxifying potentially harmful 
metabolites and because of their widespread occurrence are common dietary
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components. In addition, useful pharmaceuticals can be obtained from . '
these compounds. Before anything was known of the active principle 
involved, senna, cascara, aloe and rhubarb were known to have a purgative 
effect. Subsequently, the glucoside conjugates of anthroquinone derivatives 
which were hydrolysed by the gut flora to the active agent were isolated.
Sennosides A and B are hydrolysed to sennidins A and B via sennidin-8- 
monoglucoside by a ^-glucosidase of intestinal contents and faeces of 
rats and man. Further reduction to rheinanthrone possibly by a membrane- 
bound reductase in intestinal bacteria can occur (Hattori, Kim, Motoike, 
Kcbashi & Namba, 1982).Various bacteria were found to be able to carry 
out this reaction (D reessen & Lemli, 1982 / Kobashi, Nishimura, Kusaka, 
Hattori & Namba, 1980). The oral dosing of sennoside A in the rat resulted 
in the detection of various metabolites including the aglycone in urine, 
and faeces (Lemli& •Lemmens, 1980). The role of the gut flora in 
sennoside metabolism is well documented but the precise sequence of steps 
still needs to be elucidated.
The use of GN rats has clearly demonstrated the role of the intestinal 
flora in the toxicology of amygdalin and cycasin. Amygdalin, a cyanogenic 
glucoside found in the kernels of stone fruit is much less toxic when 
administered parentally than orally (McAnalley, Gardner & Garriot, 1980) 
and GF rats exhibited no adverse effects when given an oral dose lethal 
to CV rats (Carter, McLafferty & Goldman, 1980). The precise sequence of 
steps in the genesis of cyanide from amygdalin in vivo has not yet been 
established but it appears as though the flora is essential for the first 
hydrolytic step (Carter et al., 1980; Rauws, Oiling & Timmerman,. 1982).
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The high incidence of amyotropic lateral sclerosis in the Chamorros of 
Guam led to the discovery that crude flour prepared from cycad nuts was
carcinogenic to rats (Laqueur, Mickelson, Whiting & Kurland, 1963). The
toxic agent was found to be methylazoxymethanol, liberated by the intestinal 
hydrolysis of cycasin, a glucoside found in the crude flour (Laqueur, 1964). 
The role of the gut flora in the toxicity of cycasin was demonstrated 
in a series of experiments using. GF, CV and rats monoassociated with a 
flora posessing or lacking /é’-glucosidase activity (Laqueur, 1964/ Spatz, 
McDaniel & Laqueur, 1966; Spatz, Smith, McDaniel & Laqueur, 1967). It 
has been found that mutagenicity tests for cycasin prove negative unless 
a source of^-glucosidase activity is incorporated into the system 
(Gabridge, Denuzio & Legator, 1969; Matsushima, Matsumato, Shirai, Sawamura 
& Sugimura, 1979; Mayer & Goin, 1983; Smith, 1966) . The toxicology of
cycasin has been reviewed by Laqueur (1977) .
An important consequence of endogenous glycoside hydrolysis is the
enterohepatic circulation of compounds, a result of the microbial
deconjugation of glucuronides excreted in the bile. The essential role
of the gut flora in this process has been demonstrated in studies on the
intestinal ^^glucuronidase activity in GF, monocontaminated, and CV rats
(Roed & Midtvedt, 1977). Stilboestrol is excreted in the bile as the
monoglucuronide and after enterohepatic cycling is progressively excreted
in faeces. Feeding of glucaro-1,4-lactone, a ^-glucuronidase inhibitor,
prevented absorption of radioactivity in rats given an'oral dose of 
>14 nL Cjstilboestrol monoglucuronide. Similarly, antibiotically-decontaminated 
rats had a slower absorption of radioactivity than untreated ones (Clark, 
Fischer, Millburn, Smith & Williams, 1969).
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Fischer and his colleauges(1973) have shown that intestinal hydrolysis 
of diethylstilboestrol glucuronide was minimal in rats up to 5 days of 
age but occurred more rapidly in 25 day old rats. With regard to the 
successional colonisation of the gastrointestinal tract, this indicates 
that very young rats do not have a flora posessing a sufficiently high 
^^glucuronidase activity for intestinal hydrolysis by the microbial flora 
to occur. It was found that there was some activity in the intestinal tissue 
but this was not as significant as that of microbial origin. Furthermore, 
it has been reported that the significance of the flora in 0-glucuronide 
hydrolysis is dose-dependent, no differences being observed between 
control and antibiotically-treated rats at low dose levels (Kohrman, 1976).
In studies on the elimination of warfarin from the rat, it was found that 
the ratio of conjugated to free metabolites was greater in the GF state 
and the half-life of the compound was decreased by 30% compared to the 
CV state (Remmel, 1982,' Remmel, Pohl & Elmer, 1981) . Antibiotics have 
been found to decrease the enterohepatic circulation of morphine, lSD 
and other drugs. Their persistence in the enterohepatic cycle is related 
to the lipophilicity of the free drug (Parker, Hirom & Millburn, 1980;
Walsh & Levine, 1975). Techniques for the study of the absorption and 
enterohepatic circulation of drugs have been presented by Illing (1981).
Sulphamate Hydrolysis
Cyclamate, a non-caloric food additive, was removed from the list of 
permitted artificial sweeteners in 1969 following reports of urinary 
bladder tumors in rats fed a 10: 1 mixture with saccharin (Oser, Carson,
Cox, Vogin & Sternberg, 1975; Price, Biava, Oser, Vogin, Steinfeld &
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Ley, 1970). The slight metabolism of cyclamate to cyclohexylamine was 
first reported by Kojima and Ichibagase (1966) and subsequently, it was 
shown that in rats this conversion developed slowly with time during 
continuous exposure to dietary cyclamate (Bickel, Burkard, Meier-Strasser 
& van den Broek-boot, 1974/Renwick, 1977). Cessation of exposure led 
to the loss of cyclamate-metabolising activity which could be re-established 
by prolonged dosing. Feeding of faeces from rats able to convert cyclamate 
to cyclohexylamine to non-converting rats gave them the ability to 
hydrolyse cyclamate.
D rasar and colleagues (1972) reported an increase in the numbers of 
Clostridia in the faeces of converter rats but this was not confirmed 
by Bickel et al. (1974) who also reported that the feeding of neomycin, 
which does not affect Clostridia, resulted in the loss of cyclamate- 
metabolising function. Pseudomonas sp. and Corynebacterium sp. from the 
flora of guinea pigs have been found to hydrolyse cyclamate in vitro 
(Asahina, Niimura, Yamaha & Takahashi, 1972). but the flora responsible 
may vary between species.
R oxon and Tesoriero (1974) showed that cysteine inhibited the in vitro 
metabolism of cyclamate by faecal preparations from converter rats and 
it was subsequently demonstrated that the sulphur atom was incorporated 
into bacterial protein (Tesoriero & Roxon, 1975). The faecal flora of, 
converter rats contained greater numbers of organisms capable of 
producing H^S than control ones indicating that prolonged feeding of ' 
cyclamate brings about an enrichment of the flora with sulphur-metabolising 
anaerobfes. Renwick (1977) also demonstrated that cysteine inhibited the
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formation of cyclohexylamine when cyclamate was incubated with faeces 
from converter rats. It appears that the enzyme responsible for the 
hydrolytic reaction is produced during growth of the faecal flora and 
is released into the incubâtion medium from the bacterial cell matrix.
Incubations of faeces from converter rats with analogues of cyclamate 
have indicated that stereochemical influences on hydrolysis are 
substantial. R enwick (1977) found that short chain primary aliphatic 
sulphamates were the best substrates. It was also shown that trans-2- 
methyl or -ethyl analogues of cyclamate were metabolised at the same 
rate as cyclamate but the -isopropyl analogue was not metabolised at all 
(Wiley, Pearson, Schmidt, Wesche & R oxon, 1983). On the other hand, the 
cis-analogues were much more reactive, being hydrolysed by control rat 
faeces and in the case of the methyl analogue, in medium alone. The in 
vivo metabolism of cyclic analogues of cyclamate have been studied in 
the rat (McGlinchey, Goakley, Gestantus-'fansey, Gault & Spillane, 1982). 
Their results are in agreement with the data of Renwick (1977) obtained 
from in vitro incubations with rat faeces. Increasing the number of 
carbon atoms in the cycle chain increased the amount of amine formed by 
hydrolysis. McGlinchey et ai. (1982) also studied the effects of 2-, 3-■ 
and 4-methyl analogues of cyclamate on in vivo hydrolysis. The 2- and 
4-analogues decreased amine production whereas the 3-anaiogue increased 
it. There was no information given on whether they were cis or trans 
isomers. It was determined that the introduction of a double bond 
reduced the formation of metabolites.
These kinds of studies are helpful in the search for suitable substitutes
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for cyclamate which are not hydrolysed by intestinal bacteria. For the 
present, it has been recommended that the consumption of cyclamate be 
limited by restricting its use to certain designated food items (MAFF,
Azo Bond Reduction
Azo compounds are a class of chemicals which are used extensively as 
colouring agents in many industrial processes. Some are also employed 
as prophylactics e.g. salicyloazosulphapyridine in the treatment of 
ulcerative colitis. Although azo reductase activity is present in 
mammalian tissue, it is accepted that in vivo reduction is mediated 
primarily by the intestinal flora (Walker, 1970). Gingell and Walker 
(1971), using cell-free extracts of Streptococcus faecalis, reported 
that the reduction of the food colourR ed 2G was a non-enzymic process 
mediated by enzymically-generated reduced flavins. It was also suggested 
that the main factor in determining the réduction rate was the electron 
density in the region of the azo bond, hydrogen bond stabilisation being 
an additional factor (Walker & Ryan, 1971).
Using a series of azo dyes with an increasing number of sulphonate 
sib stituents, Larsen, Meyer and Scheline (1976) found that the rate of 
reduction decreased as the number of sulphonate groups increased when 
the dyes were incubated with intact caecal microorganisms. An increase 
in the number of sulphonate groups would, because of their electron- 
withdrawing effect, progressively decrease the electron density in the 
region of the azo bond. The results obtained may have been due to the 
decreased ability of the substrates to penetrate the microbial cell wall
— 16—
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Salicyloazosulphapyridine and prontosil are hydrolysed extensively by 
the gut flora to yield the active therapeutic agents 5-aminosalicylate 
and sulphanilamide respectively, tissue reductases contributing little 
to the yield (Peppercorn & Goldman, 1972/ Schroeder & Johansson, 1973). 
Schroeder et al. (1973) measured redox potentials in the caecum of the 
rat and other species and concluded that a low redox potential (-100 mV) 
and the presence of a microbial flora were prerequisites for azo bond 
reduction by Caecal contents.
Benzidine and benzidine congener-based dyes are widely used in the dyeing 
and printing industries and there are indications that they are causal 
agents in human bladder carcinogenesis. These compounds have been shown 
to be reduced to benzidine and related species on aerobic and anaerobic 
incubation with rat caecal flora (Cerniglia, Freeman, Franklin & Pack, 
1982,a,b; Sado, Kaiho, Mouri & Shiraishi, 1979).Although these dyes may 
not be mutagenic themselves, the products of microbial metabolism e.g. 
benzidine, can elicit a positive response in the Ames test (Heid, Morton, 
Wang & King,1983).
Biohydrogenation
The hydrogenation of unsaturated fatty acids by rumen microflora is well 
documented in the literature (e.g. Kemp & Lander,1984/ Kemp, LanderS ' 
Holman,1984) but few reports occur' involving the rat intestinal flora. 
However, Thomas (1970, 1972) showed that several enteric bacteria can 
convert oleic acid to hydroxystearic acid and the intestinal reduction
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of ricinoleic acid, a constituent of castor oil, was demonstrated in rats • 
(Watson, 1965). In a series of experiments with rats fed a 9% maize oil 
diet, the ratio of saturated to unsaturated fatty acids was found to be 
higher in CV than in GF rats but the total excretion was similar (Eyssen, 
Piessens-Denef & Parmentier, 1972). Caecectomy had no effect in GF rats 
but a reversion in the ratio of faecal fatty acids occurred in the CV 
■ rats.
In vitro incubations with faecal suspensions of CV rats converted both
oleic arid linoleic acid to stearic acid. Faeces from caecetomised CV
rats converted linoleic acid to octadecenoic acid but failed to reduce
oleic acid to stearic acid, suggesting the involvement of more than one
enzyme system or microorganism (Eyssen et al., 1972). Eubacterium lentum,
a Gram-positive non-sporing, obligate anaerobic rod was subsequently
isolated from rat faeces and shown to hydrogenate linoleic acid to trans-
11-octadecenoic acid via a shift of the 12, 13-cis double bond to an
11, 12-trans double bond (Eyssen & Verhulst, 1983,* Eyssen, Verhulst,
DePauw & Asselberghs, 1982). The conversion of oleic acid to stearic acid
occurred in 2 stages with a mixed culture of 10 strains, first by
hydrogenation to . 10-hydroxystearic acid followed by dehydroxylation to
stearic acid (Eyssen & Parmentier, 1979). Although saturation of double 
bonds in the anaerobic environment of the gut appears to.be the predominant
reaction, desaturation can also occur in the aerobic conditions close to 
the rat anus (Sklan & Budowski, 1972).
Apart from dietary unsaturated fatty acids, the reduction of other 
compounds containing carbon-carbon double bonds e.g. caffeic acid and
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cinnamic acid can occur in the rat gut (Peppercorn & Goldman, 1972,b; 
Perez-Silva,.1973; Scheline, 1968). The non-specific reductase system 
of Streptococcus faecalis, requiring reduced flavins and which reduces 
azo and nitro groups shows no activity towards cinnamic acids (Gingell, 
1973). Stilbene and its derivatives are reduced by the gut flora and 
excreted as hydroxylated bibenzyl compounds (Scheline, 1974/ TayS 
Sinsheimer, 1975, 1976) and the metabolism of some substituted 
alkylbenzene derivatives include bacterial reduction of the allyl or 
propenyl groups (Solheim & Scheline, 1976).
Numerous studies have indicated that naturally occurring cyclohexane- 
carboxylic acid derivatives especially quinic acid, can be aromatised 
by-the intestinal flora resulting eventually in urinary hippuric acid 
excretion (Scheline, 1980).From studies on the metabolism of shikimic 
acid in the rat, it has been concluded that the flora was necessary- 
only for the reduction of the ring double' bond of shikimic acid and 
subsequent aromatisation was carried out b y mammalian tissue (Brewster, 
Jones & Parke, 1976, 1977, 1978). This hypothesis was confirmed when it 
was demonstrated that GF rats could aromatise cyclohexanecarboxylic acid 
but not shikimic or quinic acids (Wheeler, Halula,DeMeo, Sutter S 
Finegold, 1979). CV rats were able to aromatise all 3 compounds.
Méthylation and Déméthylation of Organometals
Methylmercury pollution of Minamata bay in Japan and the subsequent 
human poisoning resulting from the ingestion of contaminated seafood 
stimulated much research on the origin and fate of methylmercury. Strains 
of intestinal bacteria which can methylate mercuric chloride under
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aerobic and anaerobic conditions have been isolated from the intestinal 
contents of rats (Rowland, Grasso & D avies, 1975/Rowland, Davies & 
Grasso, 1977). Quantitation of faecal inorganic mercury-by Norseth and 
Clarkson (1970,a,b, 1971) indicated that the rat gut flora could also 
demethylate methylmercury to inorganic mercury. Subsequently, it was 
shown that GF rats were capable of excreting similar amounts of inorganic 
mercury in faeces as CV rats (Norseth, 1971). However, the mercury 
compound was administered subcutaneously and although biliary excretion ' 
and the exfoliation of intestinal epithelial cells move mercuiy into the 
intestinal lumen, the effect observed may have been due entirely to 
mammalian metabolism, the gut flora of the CV rat not having come into 
contact with the mercurial. Later studies have indicated that the small 
intestinal flora of rats metabolised methylmercury to volatile sulphur 
derivatives whereas the caecal flora metabolised it to inorganic mercury 
(Rowland, D avies & Grasso, 1978) .
The total excretion of mercury in the faeces of antibiotically-treated 
rats was less than that in the faeces of untreated ones but the proportion 
of organic mercury present was higher (Rowland et al., 1977/ Rowland, 
bavies & Evans, 1980). Higher concentrations of mercury were present 
in the blood, tissues and urine of antibioticaily-treated rats and the 
neurotoxic effects of methylmercury was found to be greater (Rowland et 
al.,1980).In studies -using GF and CV mice, Miura (1980) found a lower 
faecal excretion of inorganic mercury in GF mice but the organic mercury 
content was the same in both. It appears as .though the intestinal 
formation of methylmercury may contribute to the total body bhrden of 
mercury and although there is sufficient evidence to indicate that
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demethylation of methylmercury can occur in vivo as a result of bacterial 
action, the contributions of mammalian and microbial processes in the 
overall disposition of mercury compounds in the rat is still unclear.
Formation and Degradation of N-Nitroso Compounds
The catalysis of nitrosamine formation at neutral pH by the intestinal 
contents of the rat and some bacterial strains have been reported 
(Hawksworth & Hill, 1971; Klubes, Cerna, Rabinowitz & Jondorf, 1972; 
Klubes & Jondorf, 1971). Glucose was required for nitrosation to occur 
to any extent and the formation of nitrosamine was enhanced by the 
addition of riboflavin to the incubation medium (Klubes et al., 1972) . 
These results indicate that the metabolic activity of the flora was an 
important factor in the nitrosation process. Later reports have shown 
that soluble cell extracts were capable of catalysing nitrosamine 
formation (Ayanaba & Alexander, 1973/ Mills & Alexander, 1976). In vivo 
studies by Alam and his colleagues (1971,a,b) have demonstrated that 
nitrosation can take place in the isolated stomach and small intestine 
of the rat with nitrate or nitrite as a precursor. The establishment 
of 5 strains of nitrosamine-forming bacteria in the alimentary tract 
of rats following antibiotic treatment resulted in the formation of 
N-nitrosodimethylamine (N)MA) in the stomach, small intestine and caecum 
(Hashimoto, Yokokura, Kawai & Mutai, 1976).
It would appear as though microbial formation of N-nitroso compounds is 
not totally dependent on. the metabolic activity of the flora as Klubes 
et al. (1972) observed that although the omission of glucose in the 
incubation medium or the use of boiled bacterial cells suppressed
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nitrosamine formation it was not completely abolished. Subsequently an 
enhancement of the rate of formation of nitrosamines in the presence 
of a microbial flora at pH 3.5 was found to be similar using either 
boiled or unheated cells (Yang, Okun & Archer, 1977). The catalytic 
effect depended on the chain length of the precursor amines and after 
sonic disruption of the cells was found to be located in the particulate 
fraction. Micellar catalysis, due to the. dissolution of the amine in 
the lipid bilayer of the cell wall was thought to account for the 
increased rate of nitrosation observed.
The research efforts outlined above demonstrate that microbial formation 
of N-nitroso compounds can occur, but it has also been reported that the 
predominant flora in the intestine of man, rat and sheep did not have 
the ability to form NDMA and although faecal bacteria capable of carrying 
out the reaction were isolated, they were not considered to be normal 
components of the intestinal flora (Hashimoto, Kawai & Mutai, 1975).
It has been demonstrated that a major proportion of bacterial types 
present in the gastrointestinal tract of many animals and man were active 
in converting N-nitroso compounds to the parent amine and nitrite, in 
addition to certain unidentified volatile components, under anaerobic 
conditions and at neutral pH owland & Grasso, 1975,a,b). Later studies 
have yielded similar results and it is possible that an inducible mechanism 
for degradation is present (Harada & Yamada, 1979; Kawataba & Miyakoshi,
1975). Nitrosamine-degrading activity with a pH optimum of 7-8 has been 
located in the cytoplasm of certain bacteria (Hawksworth, Drasar & Hill, 
1971). Studies in GF and antibioticaily—treated rodents have indicated
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that the intestinal flora may also degrade nitrosamines in vivo (Love, 
Pelfrene & Garcia, 1977; Pollard, Sharon & Chang, 1972; Sumi & Miyakawa, 
1983). However, the end point measured was not metabolite formation but 
the elevation of serum enzymes and the increased incidence of tumors and 
acute hepatic damage in GF and antibiotically-treated animals when compared 
to their CV counterparts. As was reported by Sumi et al.(1983), these 
effects could have been due to physiological and metabolic differences 
resulting from the absence of an intestinal flora and not to microbial 
destruction of N-nitroso compounds in CV animals.
Although the evidence obtained so far indicates that the gastrointestinal 
flora can be implicated in the in vivo formation and degradation of N- 
nitroso compounds, the mechanisms of action has yet to be elucidated in . 
a concise and cohesive manner. It is hoped that the results presented in 
this thesis will aid in defining the role.of the gastrointestinal flora 
in N-nitroso compound metabolism in vivo.'
Bile Acid Metabolism . .
Gnotobiotics is an invaluable tool in the study of the metabolism of 
bile acids by the gastrointestinal flora. The primary bile acids in the 
rat are cholic acid and chenodeoxycholic acid and appear to be derived 
solely from the metabolism of cholesterol in the liver by hepatic enzymes. 
The bile acids are secreted into the small intestine mainly as conjugates 
of glycine and taurine. More recently, it has been found that glucuronide 
and sulphate conjugates may occur. The sulphation of bile acids is an 
important sex-linked parameter of bile acid metabolism in rats, higher 
concentrations of the sulphate ester being found in the female rat (Eyssen,
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Sraets, Parmentier & Janssen, 1977). There is also evidence to suggest 
that sulphation of bile acids occurrs mainly at the 3-OH group and 
preferentially with 5ot bile acids (Eyssen & Parmentier, 1979).
The conjugated bile acids are reabsorbed from the lowèr small intestine 
or deconjugated and further metabolised by the microbial flora of the 
lower bowel. The profile of intestinal bile acids in GF and CV rats fed 
a purified casein-starch diet has been presented by Eyssen and van Eldere 
(1984). Lithocholic, deoxycholic, hyodeoxycholic, 3^,6c6-diOH-5y^-cholanoic acid 
and C-muricholic acids are absent in the GF state, indicating that they 
are products of the microbial metabolism of primary bile acids. The 
intestinal bile pool is higher in GF rats but the excretion in faeces is 
less (Eyssen et al., 1984; Sacquet, Mejean, Leprince, R iottot & Raibaud,
1976). It is postulated that the gastrointestinal flora limits the 
intestinal bile pool by causing a less efficient reabsorption and faster 
excretion of bile acids in the CV rat.
The deconjugation of bile acids is a necessary step before further 
metabolism by the microbial flora can occur. Deconjugating activity is 
restricted to the lower bowel (Midtvedt & Norman, 1968,a) and it appears 
as though this activity is widespread in several species {Dickinson, 
Gustafsson & Norman, 1971). Some strains hydrolysed glycoconjugates and 
tauroconjugates equally well whereas others preferentially hydrolysed 
one or the other.Dickinson et al. (1971) also showed that deconjugation 
in vitro cannot always be correlated with the situation in vivo. When 
strains shown to have deconjugating activity in vitro were monoassociated 
with GF rats, they were either inactive or exhibited little activity.
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Certain strains of Clostridium, Streptococcus and Eubacterium produced 
approximately 80% deconjugation in vivo.
It would appear as though desulphating activity is not widespread in the 
intestinal flora. A Clostridium species was isolated from the indigenous 
microflora of the rat and desulphated 3-OH,5^ bile acids but was inactive 
to 5oc isomers (Eyssen & Huijghebaert, 1981 ; Huijghebaert & Eyssen, 1982/
Huijghebaert, Mertens & Eyssen, 1982). Howèver, since 5oC bile acids are 
preferentially sulphated in vivo, it is likely that other intestinal 
species with desulphating activity are present.
The 7cC-dehydroxylation of primary bile acids by the intestinal flora gives 
rise to lithocholic and deoxycholic acids (Midtvedt et al., 1968) . Generally 
speaking, 7^-dehydroxylating activity appears to be rare among intestinal 
microorganisms (Eyssen, 1984). Midtvedt and Norman (1968,b) have shown 
that the primary bile acids must be decon'jugated prior to -dehydroxylation, 
The mechanism of ToC-dehydroxylation of cholic acid is a trans-elimination 
of water yielding a a unsaturated compound followed by hydrogenation of 
the double bond (Samuelson, 1960).
Hyodeoxycholic acid is a major faecal bile acid of the CV rat. In 
unpublished experiments, Eyssen and his colleagues isolated from the 
faeces of the CV rat an unnamed microorganism which converted ,^-muricholic 
acid into hyodeoxycholic acid by removal of the 7/S-OE group and 
épimérisation of the 6 ^-OH group to the 6 opposition (see Eyssen, 1984).
GF rats do not produce Q-muricholic acid which is formed by the inversion 
of the 6/S-OE group of ^ -muricholic acid. Anaerobic bacteria isolated
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from rat faeces converted j^-muricholic acid to D-muricholic acid via a 
postulated 2-step mechanism (Eyssen &Verhulst, 198 ). One isolate was 
Eubacterium lentum which oxidised the 6 ^-OH group of^-muricholic acid 
to a 6 - 0 X 0  group. The other isolates were tentatively identified as 
atypical Fusobacterium sp. which reduced the 6 -oxo group to a 6o4-OH group.
Much knowledge has been gained regarding the metabolism of bile acids 
in the rat, but it is obvious that little is known about the microbial 
species responsible for the transformations. The GN animal has: allowed : 
investigators to determine whether a particular microorganism which can 
influence an aspect of bile acid metabolism in vitro is of significance 
in the in vivo situation. Due to their extremely fastidious growth 
requirements, the major proportion of the gastrointestinal flora is as 
yet unidentified. Microbiological techniques for the isolation of strict 
anaerobes will have to be greatly refined in order to make further progress 
in this area. This applies not only to bile acid metabolism in particular, . 
but to in vivo microbial metabolism in general.
1.4. THE INFLUENCE OF DIET/RY CONSTITUENTS ON THE METABOLIC ACTIVITY OF 
THE GASTROINTESTINAL FLORA 
Dietary fibre, consisting largely of plant cell wall material is unaffected 
by mammalian digestive processes, but some components of this undefined 
compound e.g. pectin and cellulose, can act as substrates of microbial 
fermentation in the gut. Rowland, Wise and Mallett (1983) investigated 
the effect of feeding cell wall preparations of cabbage and carrot on 
some enzyme activities of the caecal flora of rats. The preparations 
decreased the total bacterial population of the caecum but the reduction
26-
was not significant. The total activities of azoreductase, nitroreductase, 
y^'-glucosidase and jf-glucuronidase in the caecum were significantly 
increased. Higher activities also recorded for nitrite reductase and
D ietary cellulose at concentrations of 10% and above, significantly 
decreased the total bacterial population of the caecum of the rat. The 
total caecal activities of azoreductase, nitroreductase and 5-glucosidase 
were significantly decreased but a dietary concentration of 40% cellulose 
was necessary before a significant decrease in ^-glucuronidase activity 
could be observed (Mallett, Wise & R owland, 1983). Pectin, a polygalacturonic 
acid methyl ester, is fermented by the caecal flora, fermentation occurring 
more readily with increased méthylation (Gilmore, 1966). Feeding pectin 
to rats increased the total caecal microbial population and also caused 
a significant increase in nitrate reductase activity (Wise, Mallett &
Rowland, 1982) but was without significant effect on other enzyme activities.
Certain polysaccharide polymers e.g. guar gum, are used in the food 
manufacturing industry as stabilising, emulsifying and thickening agents. 
These compounds can act as sources of energy in vivo for the intestinal 
microbial flora. Mallett,R owland and Wise (1984) have investigated the 
effects of a variety of these agents on the microbial population and 
enzyme activities of the rat caecum. GarboxymethyIcellulose and guar gum 
significantly increased both the total bacterial population and a number 
of enzyme activities. Gum acacia and locust bean gum did not significantly 
increase bacterial numbers but did so for most of the enzyme activities 
previously mentioned. Agar and carrageenan decreased the total caecal
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bacterial count, carrageenan having a marked effect. Enzyme activities 
were also decreased. It has been reported that carrageenan did not 
influence bacterial viability in vitro (Mallett,Rowland, Bearne & Nicklin,
: 1985).;
Dietary lactose requires hydrolysis to its component monomers by intestinal 
mucosal lactase before absorption can take place. In laboratory animals, 
lactase activity in the intestinal mucosa rapidly declines after weaning 
(Leichter, 1973) . Lactose ingested after weaning, can usually reach the 
lowèr gut, where its fermentation by microbial enzymes occurs. The caecal 
microbial population of weanling and adult rats was increased as a result 
of lactose ingestion but the total activities of azoreductase, nitroreductase 
and ^ -glucosidase were decreased (Wise,Rowland & Mallett, 1984). Nitrate 
reductase and urease activities were significantly higher.
Beef fat has been shown to significantly decrease the total bacterial 
population of the rat caecum (Mallett, Rowland & Wise, 1984). Azoreductase, 
^-glucosidase and nitrite reductase activities were significantly reduced 
but increased activity was observed for ^^glucuronidase and urease.
D ietary protein (lactalbumin) did not influence caecalbacterial numbers, 
but caecal microbial azoreductase, y^-glucosidase and urease all increased 
with increasing protein concentration whereas nitrite reductase activity 
was highest on the protein-free and low'protein diets (Wise, Mallett & 
Rowland, 1983).
In addition to the studies already mentioned, other research efforts 
have demonstrated that diet can influence the metabolic status of the
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rat gastrointestinal flora.D ietary pectin has been found to increase 
the metabolism of the pesticide lindane in rats, possibly by a pathway 
similar to that of microorganisms such as Pseudomonas putida (Chadwick, 
Copeland & Chadwick, 1978).R ats injected with the colon carcinogen, 
1 ,2 -dimethylhydrazine, had a significantly higher incidence of colorectal 
tumors when fed a diet containing pectin (Bauer, Asp, Oste, D ahlquist & 
Fredlund, 1979).Faecal^-glucuronidase activity was also increased in 
the pectin-fed rats. Goldin and Gorbach (.1984) reported that, compared 
to rats on a commercial grain diet, rats fed a hamburger meat diet had 
higher faecal enzyme activities of ^ -glucuronidase, nitroreductase and 
azoreductase. When fed nitro, azo or amine glucuronide compounds, rats 
on the meat diet excreted more of the free amines in faeces.
Volatile fatty acids are products of microbial metabolism in vivo (Lee et 
al., 1972). It has been demonstrated that the composition of the diet 
can influence the volatile fatty acid concentration in the caeca of rats 
and mice (Brockett & Tannock, 1982/McKay & Eastwood, 1983/ Storef, Iliman 
& Trinble, 1984).Dietary riboflavin has been shown to increase caecal 
azoreductase activity (Williams, Grantham, Yamamoto & Weisburger, 1970), 
and butylated hydroxyanisole and safrole have an inhibitory effect on 
the production of CO2 by the caecal flora of the rat (Frits.ch, de Saint 
Blanquat,Derache : & Canal, 1975).
Unlike its influence on the population profile which still remains 
equivocal, it is quite clear that diet does modify the metabolic activity 
of the intestinal flora. In some cases, this effect is probably due to 
an alteration of total b&cterial numbers, but other studies mentioned
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have reported an altered activity without any change in the total intestinal 
microbial count. This does not rule out the possibility of an increase 
in the population of certain species at the expense of others. The 
majority of the studies cited here have been conducted exclusively on 
the flora of the lower intestine. In the rat, there is a resident flora 
in the stomach, and it would be of interest to examine the effects of 
dietary constituents on the metabolic activity of this flora and the 
resulting influence on the disposition and metabolism of xenobiotics 
in V I V O .
1.5. SOME GHARA.CTE3ISTICS OF THE GF RAT
The absence of an alimentary tract flora in the GF rat results in
functional and morphological differences from the CV rat. An in depth
description of the GF rat is beyond the scope of this review, but a
comprehensive textbook on the subject of gnotobiology edited by Coates
and Gustafsson has recently been published (1984). A characteristic
morphological feature of the GF rodent is the enlarged caecum filled
with semiliquid contents (Plate 1.). This appears to be due to. the ;
accumulation of mucinous material e.g. hexosamines and hexuronic acids,
in the GF caecum (Lindstedt, Lindstedt & Gustafsson, 1965) which results
in the inhibition of water absorption at this site (Csaky, 1968). The
inhibitory effect may be a consequence of the water retentive property
of mucin as manifested by the high colloid osmotic gradient between
the lumen and the tissues (Gordon & Nakamura, 1975). The acidic mucinous
' + +material may also trap Na , K and other cations needed for solute- 
coupled water transport, resulting in low levels of diffusible anions.
Cl and HCO^, in the caecal contents (Asano, 1969/ Gordon & Wostmann, 1973) .
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ü reduction of muscle tone by musculo-depressant substances in caecal 
contents is also implicated in the aetiology of GF lower bowel distension 
(Strandberg, Sedval, Midtvedt & Gustafsson, 1966/ Valentine, 1975).
The functional cells of the intestinal tract are in a dynamic state, 
constantly being sloughed and renewed by mitosis. The lamina propria 
is much thinner in GF animals, with a reduction in total cellularity 
(Abrams,1969). The villi are slender and more uniform in shape, with 
crypts which are shorter and less populated than in CV animals. The 
absence of microbial challenge also results in a 50% decrease in 
epithelial cell turnover rate (Abrams, Bauer & Sprinz, 1963) and a 
2-fold increase in passive absorption from the lumen (Heneghan, 1963).
The GF rat has a smaller heart, liver and lung than the CV rat and a 
lower resting O2 consumption, but appears to grow at the same rate 
(Kelloggs Wostmann, 1969).No adequate explanation is yet known for the 
apparently lower metabolic rate in the GF environment, but the reduced 
activities of certain hepatic enzymes suggest a lesser requirement for 
energy-rich compounds (Reddy, Pleasants & Wostmann, 1973).It was found 
that GF rats ate more than CV controls but the increased food intake was 
offset by a greater loss of energy via the faeces and as a result, the 
energy utilisation in both environments was comparable (Kellogget al., 
1969). Water balance studies have also demonstrated that GF rats drank 
more than their CV counterparts (Kellogget al., 1969). The volume of 
urine voided was lower, but because of an apparently uncontrollable loss 
of water via the faeces, total water excretion was higher.
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There are differences in nutritional and metabolic parameters between 
GF and CV rats. The tissue lipids of GF rats contain a higher proportion 
of unsaturated fatty acids than those of CV rats (Eyssen et al. , 1972) . 
and there are differences in the profile of intestinal bile acids (see 
pp. 22-25). Although protein digestion in the small intestine is similar 
in both GF and CV animals, there are differences in the composition of 
nitrogenous compounds in the lower gut (Salter & Coates, 1971/ Yamanaka, 
Nomura & Kametaka, 1974) . In the GF rat, there is more total and soluble 
nitrogen in the caecum, the increase in soluble nitrogen being mainly 
attributable to urea and unabsorbed peptides and amino acids . (Combe & 
Sacquet, 1966). These nitrogenous compounds would, in the CV rat, be 
hydrolysed by the intestinal flora to produce ultimately NH^ which would 
be absorbed across the gut wall. The nitrogenous composition of the 
faeces of the rat is influenced by the intestinal flora to a similar 
extent as is seen in caecal contents (Levenson & Tennant, 1963/ Lindstedt 
et ai., 1965/ Luckey, 1963). '
A nutritional characteristic of the GF rat is its requirement for an 
exogenous source of vitamin K, without which it would develop haemorrhages 
and hypoprothrombinaemia:(Gustafsson, 1948, 1959).Vitamin is more 
effective in reversing the haematological symptoms than vitamin Kg and 
monoassociation with a strain of Escherechia coli or a sarcina-like 
micrococcus was also of therapeutic benefit (Gustafsson, Daft, McDaniel, 
Smiths Fitzgerald, 1962).
The immune system of the GF animal is functionally immature. The 
development of lymphatic organs close to the gastrointestinal tract is
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retarded in the GF rat, but at sites remote from contact with the 
intestinal flora, no differences in lymphatic tissue between GF and CV 
rats occur (Gordon,1959). The serum protein pattern,of the GF rat is 
similar qualitatively to the CV rat, but significantly lower concentrations 
of o:-2, yf- and fractions are present (Wostmann, 19591. This deficit is 
compensated for by an increase in serum albumin which brings the total 
serum protein concentration to a value comparable to the CV rat.
The functional and morphological differences from the CV rat does not 
invalidate any comparisons between GF and CV rats experimentally. The 
GF rat has now been well defined, and provided that its dietary requirements 
e.g. vitamin K supplementation, are met, it can be successfully bred 
and reared to maturity in a sterile environment.
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Plate 1.
Caecal Enlargement in the GF Rat
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SECTION 2
-34- :
ESTABLISHMENT AN) MAINTENANCE 
OF A GERMIREE'RAT COLONY
2.1; INTRODUCTION
The technique of GF rat husbandry has been an essential tool in the 
studies presented in this thesis. At the start of the programme, there 
were no rats being maintained in the GF state at the University of 
Surrey. This section outlines the general principles of maintenance of 
GF animals and describes the establishment of a colony of GF rats at the 
Manor Farm field station. Problems specifically associated with their
2.2. ISOLATOR DESIGN
All of the isolators in the GF facility were made in theRobèns Institute. 
The basic isolator design (Fig. 2.1) consisted of a flexible polyvinyl 
chloride (PVC) envelope, (a), (Trexler & Reynolds, 1957) resting on a 
rigid chipboard base covered by a pad of plastic foam. A supporting 
frame, (b), over the cage area, prevented the envelope from collapsing 
in the event of a decrease in the pressure of the air supply. The frame 
also supported a double-capped entry port made of rigid PVC, (c) and a 
liquid paraffin outlet trap, (d). A sheet of stiff plastic lined the 
floor of the envelope to prevent puncture of the PVC film by, for instance, 
lumps of pelleted diet or hardened faeces.
Wrist-length nitrile rubber gloves were attached to a pair of sleeves 
made of thinner PVC than the envelope, the sleeves being welded onto 
the envelope. A third sleeve positioned near the entry port facilitated
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the capping of the inner opening of the entry port. The gloves were 
attached to the sleeves in the following manner (Fig. 2.2.): The sleeve
ends, (a), were securely fitted over rigid plastic rings, (b), using 
glass fibre-reinforced pressure sensitive tape, (c), followed by 1 " 
white PVC pressure sensitive tape, (d) . The gloves, (e), were then 
fitted over this arrangement using rubber bands followed by rubber "O" 
rings, (gX, (Mecro Ltd., London, U.K.).
The entry port aperture was positioned on the far right front wall of 
the envelope and the port openings covered by PVC caps (Fig. 2.3.). The 
inner cap was secured by a 1 " Wide rubber band, (a) , (H. A. Coombs Ltd.,
Wiltshire, U.K.) and the outer cap by a rubber band and 1" wide white 
PVC tape, (b) . The air supply to the isolator was sterilised by passing 
it through a filter (Fig. 2.4.) consisting of a stainless steel wire 
cylindrical support, (a), around which 3 layers of 12mm thick, 4\im pore 
diameter, glass fibre, (b), (Filter Supply Co., London, U.K.) was wrapped. 
The glass fibre was secured to the support by glass fibre-reinforced tape, 
(c), melinex tape, (d) and white PVC tape, (e), consecutively and the 
filter material then covered with a length of tube gauze. The filter was 
sited within the isolator near the top of one corner (Fig. 2.1.,e) where 
it was least likely to be damaged when cages or other equipment were 
being moved.
Venting of the isolator occurred through a liquid paraffin outlet trap.
Two types of trap operating on the same principle but differing in design 
were used. One type (Fig. 2.5.) consisted of a flexible plastic sleeve,
(a), with one end attached to the outlet duct, (b) and the other, to which
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a weight, (c), was fastened, dipped into a container of liquid paraffin, (d) 
In the second type (Fig. 2.6.), air vented from the isolator into an 
inverted plastic cup, (a), immersed in liquid paraffin, (b), the cup 
having openings cut in its sides, (c), which channelled air over the 
liquid paraffin. A drop in pressure caused the cup to sink and the 
openings to fall below the surface of the liquid paraffin thus sealing 
the exit and preventing the backflow of unsterile air into the isolator.
The same principle applied to the simple sleeve arrangement. It was not 
necessary to use sterile liquid paraffin, but the outlet trap was covered 
with a screen to prevent the entry of flying insects. A slight positive 
pressure (2-5mm water gauge), was maintained in the isolator.
The photographs on subsequent pages (Plates 2.1.-2.5.), show the types 
of isolator in use in the GF facility at the university. There was 
adequate room in the unit for 4 small isolators, 3 large ones and an 
isolator made specifically for carrying oût manipulative procedures.
Small Isolator: This isolator was used mainly to house a pair of 
breeding rats. Its dimensions were 48" wide x 24" deep x 16" high and 
held 2 cages (14" long x 9" high x 7" wide) comfortably.
Large Isolator. This isolator was 72" wide x 36" deep x 35" high. Two 
pairs of rack tubes (Fig. 2.7.,a) passed through the envelope and were 
sealed to the wall of the envelope with white PVC tape, (b). The tubes 
were secured to the support frame by metal "U" shaped retainers, (c). 
There was ample room on the racks for 8  cages, (d), leaving the floor 
of the isolator, (e), free for the storage of all items needed for
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servicing the animals . Because of its size, this type of isolator had a 
multifunctional role, ranging from the breeding of rats to the conducting 
of chronic feeding experiments or simply operating as a holding isolator.
Metabolism Isolator: This was one of 2 isolators in which 2 persons could 
work simultaneously. It was designed specifically to contain metabolism 
cages and was a modification of the post mortem isolator of Trexler and 
Gilmour (1983) but operated under positive pressure (Fig. 2.8.). Unlike 
the other isolators, which were rectangular in shape, this was a truncated 
ridge tent 80" long x 30" high. It was 15.5" wide at the top, widening 
to 30" at the base and could contain 4 metabolism cages, (a), and 4 
ordinary cages in addition to any supplies necessary for conducting an 
experiment. Two pairs of overlapping sleeves were welded to the envelope 
on the same side enabling 2 persons to work side by side. Unlike the 
other isolators, the air supply did not come from a central source but 
was provided by a portable blower. The air entering the isolator was 
sterilised by passage through a filter made of pleated glass paper 
(High Efficiency Particulate Air or HEPA filter).
A second isolator was available which permitted 2 persons to work within * 
it simultaneously. It was 49" wide x 35.5" deep x 23" high, the sleeves 
being attached to opposite sides and the entry port situated in one end 
of the isolator. It was used for taking blood samples from the tail of 
a rat, hence a means of warming the tail was needed in order to maintain 
a steady flow of blood from the cut tip. A boiling tube (Fig. 2.9.,a) 
was sealed at the neck into one side of the isolator using white PVC 
tape, (b) and heated externally by a small wire heater, (c) , wrapped
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around it. The interior of the tube was lined with a soft cloth, (d) , 
and the rat's tail inserted into the tubè.
Transport Isolator: This was 30" wide, x 18" deep x 21" high and contained 
2 cages. It was used primarily to transport rats over long distances. 
Because of this requirement, air was exhausted from the isolator via a 
glass fibre,, filter rather than a liquid paraffin trap, thus avoiding 
. possible spillage of the liquid paraffin and breach of the microbial 
barrier in transit. During transport, air was supplied by a foot pump, 
but it was possible to use a small bloWer powered by the 12V battery of 
the transport vehicle. As the air leaving the isolator passed through a 
filter, it was used by a colleague for GN rats monoassociated with a 
pathogen endemic in the university's CV rat colony. It must be emphasised 
that on no account should a positive pressure isolator be used when rats 
are to be associated with hazardous organisms even though the air leaving 
the isolator is sterilised by passage through a filter.
2.3. STERILISATION TECHNIQUES
Before sterilising an isolator, it was tested in order to detect any 
breaks in the integrity of the envelope or leaks around the glove 
attachments. It was inflated tightly and a halogenated propellant 
(Scientific Supplies, London, U.K.) sprayed into the atmosphere from a 
container within the isolator. An electronic halide detector (R icca- 
R eddington Instruments Inc., Florida, U.S.A.) which responded to the 
presence of the propellant by emitting a high-pitched squeal, was passed 
carefully over all surfaces of the isolator, special attention being 
paid to the glove attachments and the seams. This system could detect
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holes the size of a pinprick in the PVC film. Any holes detected were 
repaired by welding a PVC patch over.the break using a radio frequency 
sealing machine and the repaired isolator tested again for leaks.
The isolator was sterilised with a full complement of cages and supplies 
to reduce the need for frequent entry of materials. After assembly of the 
isolator onto its frame support, the outlet duct was stoppered with a 
rubber bung and the outer entry port cap fitted. The isolator was then 
inflated, the air supply removed and the inlet port of the entry filter 
stoppered. A 2% (v/v) solution of peracetic acid (Interox Chemicals, 
Cheshire, U.K.) in distilled water and containing a few drops of Triton 
X-100 detergent (H)H Chemicals Ltd., Dorset, U.K.) was sprayed on all 
surfaces within the isolator using a household atomiser. The filter 
material was also given a fine spray, care being taken not to saturate 
the glass fibre. The inner entry port cap was fitted, the outer cap 
removed and the entry port itself sprayed'befofe the cap was replaced.
The rubber bung was removed from the filter inlet and air allowed to 
escape until the odour of peracetic acid was detected. The rubber bung 
was replaced and the isolator allowed to stand for at least 1 hour. At 
the end of this period,"the air supply was reconnected to the filter and 
the rubber bung removed from the outlet duct. The isolator was vented for 
a few days to dry it and remove all traces of peracetic acid before rats 
were entered.
Supplies were sterilised by steam at 121 c,  ^-radiation at SOKGy or by 
sterile filtration.Regardless Of the prior mode of sterilisation, the 
surfaces of all items entering the isolator were sprayed with peracetic
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acid. Steam sterilisation at 121°C Was used for metal objects, cages, 
solutions and other items which could withstand the temperatures involved. 
The items were loosely but securely wrapped with brown wrapping paper. 
Water and other liquids were sterilised in glass bottles having caps 
which vented (American Steriliser Co., Pennsylvania, U.S.A.) in order 
to avoid a buildup of pressure and sealed to prevent the entrance of air 
thereby generating a vacuum in the headspace over the liquid as the bottle 
cooled, y-radiation at SOKGy from a ^^Co source (Ley, Bleby, Coates & 
Paterson, 1969) was used to sterilise food, bedding and other items which 
could not be conveniently sterilised by autoclaving or spraying with 
peracetic acid. Items were double-wrapped in polythene bags (Turner 
Whitehead Industries Ltd., London, U.K.), each wrapping being sealed 
under reduced pressure using a vacuum pump and a hot wire sealing machine. 
Before the second wrapping was put on, the packages were allowèd to stand 
for a short period to observe whether or not they had been properly sealed. 
After double-wrapping, the packages were packed in cardboard boxes, 33cms 
X  30cms X  21cms, (Rigid Containers Ltd,. Northants., U.K.) lined with a 
large plastic bag. The container was sealed with packing tape and 
dispatched to the radiation plant (Tsotron, Wiltshire, U.K.).
Filter sterilisation was employed for liquids which were unstable at the 
temperatures required for steam sterilisation. In such cases, the liquids 
were filtered into a container in a .small sterile isolator designed for 
this purpose. Filtration was carried out using a polycarbonate filter 
(Sartorius GmBH, Gottingen, FR.G.) containing a 0.2)am pore diameter 
filter, the assembly being previously steam sterilised. The filter 
assembly was located in the entry port cap of the isolator. A sample of
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a filter-sterilised solution should be checked for its sterility before 
being introduced into an isolator containing GF rats, but this was not 
always possible.
2.4. SERVICING OF ISOLATCRS
The presence of an entry port with a cap on both openings made the 
entering of supplies into an isolator a simple procedure. The inner cap 
was checked to ensure it was securely in place before removal of the 
outer cap. The wrapping was first removed from autoclaved items (for 
y-irradiated items, the outer polythene bag) before spraying with 
peracetic acid. All items were handled with clean surgical gloves to 
prevent traces of grease or dirt from the fingers from adhering to the 
surfaces. After spraying with peracetic acid, the supplies were put into 
the entry port and the rim of the outer cap sprayed before replacing. The 
items were allowed to remain in the port for a minimum of 30 minutes 
before passing into the isolator. Unless they were needed urgently, they 
were usually left in the port for 24 hours. On rare occasions, a large 
quantity of supplies was required to be entered at any one instance and 
a "peracetic acid" isolator (Trexler, 1979, 1980) (see Fig. 2.10.) was 
loaded with the supplies and connected to the isolator to be supplied.
The supplies were sterilised within the "peracetic acid" isolator and 
then passed into the other isolator.
Rats were rapidly transferred from one isolator to another using Kilner 
jars. The jars were first autoclaved, then sterilised with peracetic 
acid and entered into an isolator. The rats were put into the jars which 
were then sealed and placed in plastic bags already in the isolator. '
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This ensured that the surface of the jars received minimal microbial 
contamination during transfer from one entry port to another. The jars 
were put into the entry port and the inner cap replaced. The outer cap 
was then removed and, using sterilised gloves, the jars’, were transferred 
to the second entry port where the plastic bags were removed and .the 
surface of the jars sprayed with peracetic acid. The outer cap was 
replaced and the jars allowed to remain in the entry port for about 1 2  
minutes before passing into the isolator. The entry port of the first 
isolator was resterilised by spraying with peracetic acid before replacing 
its cap. Cages of rats were transferred from one isolator to another via 
a tube of PVC connecting the 2 isolators. The outer caps of both isolators 
were removed and the entry ports and tube sprayed with peracetic acid.
The 2 isolators were then connected via the tube and, after a waiting 
period of at least 30 minutes, the inner caps were removed and the cages 
transferred. The inner caps were then replaced, the connecting tube 
removed, the entry ports sprayed with peracetic acid and the outer caps 
replaced. ■
2.5. MAINTENANCE OF THE COLONY '
GF rats were obtained from the Medical R esearch Council's Laboratory 
Animal Centre (now the M.R.C. Experimental Embryology and Teratology 
Unit), Carshalton, Surrey, U.K. and the National Institute forResearch 
in Dairying (now the Food Research Institute, Reading), Shinfield,
Reading U.K. Within an isolator, rats were housed in polypropylene cages 
(14" X 9" X 7") with a metal grid floor and supported over a tray by 2 
stainless steel rods. Each cage was large enough to hold 2 adult rats or 
a larger number of weanlings. No bedding was provided and urine and faeces
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fell through the grid floor onto the tray. Pregnant females were caged 
individually and provided with tissue paper with which to make a nest.
The trays were cleaned every other day during the working week and food 
hoppers and water bottles replenished. The interior of the isolator was 
kept as clean as possible, particular care being taken to retrieve any 
bits of pelleted diet or hardened faeces which might work their way under 
the plastic groundsheet and possibly puncture the PVC film.
Rats were routinely fed a commercial pelleted diet (Labsure FRO diet,
K.&K. Greeff, Surrey, U.K., UFFGMLAC diet, E. Dixon & Sons, Hertfordshire, 
U.K.) and given autoclaved tap water to drink. The tap water was supplemented 
within the isolator with SOOpg l" vitamin K^ (Roche Products Ltd., 
Hertfordshire, U.K.) and lOOjig 1 vitamin 8 ^ 2  (Sigma Chemical Co., Dorset, v 
U.K.). In addition, each rat of the breeding colony was dosed per os 
with 4mg retinyl palmitate (Sigma Chemical Co.) and 20mg o(-tocopherol 
(Sigma Chemical Co.) in maize oil every 2"weeks. The formulae for diet 
and vitamin preparations are given in Appendix 1. and 2.
The ears of experimental and breeding rats were coded using a pair of
punch pliers (Maun Industries, Nottinghamshire, U.K.). The code used is 
illustrated in Fig. 2.11. A record of the breeding colony was kept in a 
card file system (Plates 2.6.-2.8 .). A log of all entries and removals 
from isolators was also maintained.
Sterility tests were performed on fresh faecal samples from each isolator . 
obtained by inducing rats to defaecate into 30ml universal containers
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(Sterilin Ltd., Middlesex, U.K.) which were securely closed before 
removal from the isolators. Checks were made routinely every 3 weeks.and 
at the beginning and completion of an experiment. The protocol for 
microbiological testing is outlined.in Appendix 3.
2.7 . CONVENTIONAL CONTR OLS
For some strains of rat, CV controls were obtained by removing rats from 
the "closed" environment of the isolator into the open environment of 
the CV animal room and a "conventionalisation" period of at least 3 
weeks allowed before experiments were started. In the case of the colony 
of Porton-derived Wistar rats, the CV controls were obtained from the 
CV colony maintained at the university which is a Porton-derived Wistar 
rat colony. These rats were also used in experiments requiring CV rats 
only. A small CV colony of Lister Hooded rats derived from the GF stock 
was used for comparison when this strain of rat was used in experiments.
GF rats and their'-CV controls used in exp'eriments were matched for sex 
and age. CV rats were maintained on the same sterilised diet given to 
GF rats but were given non-sterilised tap water without vitamin 
supplementation. D uring experimental periods, all rats received sterilised 
diets and solutions.
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2.8. COLONY DATA
; Rat Strain: HD IX
Number of GF Rats Produced: ,59 
Colony Status : Abandoned
Isolator Contaminant Possible Cause Period GF
■ 1 ^ Fungus and Bacteria Damaged Filter 2 Months
2 -
3 Pseudomonas sp. Hole in Glove 
"
7 Months
4 - -
; 5 : Yeast Tear in'Isolator Port Cap 5 Months
« -
7
- 4 6 -
R a t  s t r a i n :  F i s c h e r
N u m b e r  o f  G F  R a t s  P r o d u c e d :  0
C o l o n y  S t a t u s :  A b a n d o n e d
Isolator Contaminant Possible Cause Period GF
2
, 3 . . . —
4 ; - ■■
: 5 : /
6
Bacillus sp. and 
3 Other Species
Unknown 2 Weeks
7 .
— 4 7 -
R a t  s t r a i n  : L i s t e r  H o o d e d
N u m b e r  o f  G F  R a t s  P r o d u c e d  : 0
C o l o n y  S t a t u s  : A b a n d o n e d
Isolator Contaminant Possible Cause Period GF
2
■ 3 Yeast 'Leak Around Glove R ing Seal Nil
4 -
5 • ’
6 -
7
- 4 8 -
Rat Strain ; Porton-derived Wistar 
Number of GF Rats Produced : 105
Colony Status : Abandoned
Isolator Contaminant Possible Cause Period GF
■ ■ iV...,,
Nil..
3 Bacterial Species Inadequate Sterilisation 
of Water, Ear Punch
. 5 Months 
5 Months
2
Nil
3 Bacterial Species Inadequate Sterilisation 
of Water, Ear Punch
5 Months 
5 Months
■ 3
Nil
3 Bacterial Species Inadequate Sterilisation 
of Water, Ear Punch
4 Months
5 Months
: 4 :- ': 3 Bacterial Species Inadequate Sterilisation 
of Water, Ear Punch
5 Months
: '5 / -
Nil
3 Bacterial Species Inadequate Sterilisation 
of Water, Ear Punch
2 Months 
4 Months
: 6 Nil 6 Weeks
7 Nil 2 Months
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R at Strain : Lister Hooded
Number of GF R ats Produced i 33
Colony Status : Abandoned
Isolator Contaminant Possible Cause Period GF
■ 1; ' V
Coccus : 
, Nil
Holes in Glove 2 Months 
2 Months
2
: 3:'. :
Staph. Saprophyticus 
Fungus
Holes in Glove 
Unknown
2 Months 
2 Months
■ ' 4 Nil 5 Months
5 V Yeast Wet Filter 4 Months
e -
7 -
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R at Strain : Fischer 
Number of GF Rats Produced : 1 5 5  
Colony Status : Still gf after 14 months
Isolator Contaminant Possible Cause , Period GF
: 1 Nil
Still GF 
After 
8  Months
2 Nil
Still GF 
After 
12 Months
3 ■ ■
: 4
5 Y east : Wet Filter 4 Months
6 -
7
Nil -
Still GF 
After 
14 Months
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2.9. DISCUSSION
Facilities for the breeding and experimental use of GF animals will vary 
according to the requirements of the investigations to. be carried out 
e.g. type and number of animals needed. In general, an autoclave, enough 
space for the erection and maintenance of isolators, a cold room for the 
storage of diets, adequate storage space for sterilised items and ready 
access to microbiological expertise is essential.
Building and Ancilliary Equipment
A building designed for housing isolators should preferably be constructed 
so as to provide an unobstructed area i.e. one large room rather than a 
number of small rooms common in C\7 animal facilities. The walls of the 
building should have a smooth rather than textured finish to minimise the 
accumulation of dust. Because of the very nature of isolator systems, no 
restriction need be placed on the movement of personnel or their contact 
with other animals, but it is a good practice to keep the isolator area 
clean and tidy. The building should also be vermin-proof since there is 
a danger of wild rodents entering the isolator area and chewing holes in 
isolators and vacuum-packed, y-irradiated supplies and soiling stored 
items with urine and faeces.
The GF rat facility at the University of Surrey operated under less than 
ideal conditions. The shortage of space, a perennial problem by no means 
unique to the university, did create difficulties in the routine maintenance 
of the colony and in performing experiments. The isolators were erected 
in rooms designed for the maintenance of CV rodents. The room space 
required for animals kept in* isolators is greater than that for animals
—52—
caged in open rooms because individual work and storage space has to be 
provided in each isolator rather than a common area for the entire room. 
For the optimal utilisation of space, the isolators were stacked against 
the walls (see Plate 2.1.). As the walls had a textured finish, a drape 
of PVC film was provided to protect the envelopes from damage.
The autoclave is an essential piece of equipment in a GF unit and is 
most commonly used for the sterilisation of cages and liquids. As there 
was no working autoclave available at the field station, a service was 
provided by the Department of Microbiology. This service was generally 
adequate, sterilisation being carried out within 48, hours of delivery^ 
of supplies but as the autoclave was situated some distance from the GF 
facility, supplies had to be ferried between the 2 locations. Although 
this arrangement was reasonably successful, it is advisable that all 
services essential to the GF unit should be under the control of the 
principals involved.
Sterility Checks
A GF colony cannot be maintained with confidence without checks on the 
microbiological status of the isolators. Periodic tests at reasonable 
intervals are necessary in order to avoid wasting time and effort on 
contaminated isolators. The absence of contamination cannot be positively 
demonstrated but must be inferred from the negative results of the series 
of microbiological tests outlined in Appendix 3. Latent contaminations 
can occur which are difficult to culture using routine procedures. For 
this reason, it is a good practice to occasionally subject the entire 
caecal contents of a rat from each isolator to rigorous testing. The
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techniques for the detection of viral infection are highly specialised 
and even after lengthy procedures may fail to detect the presence of a 
virus. Although the need to demonstrate freedom from viruses is essential 
for some areas of research e.g. carcinogenicity studies on novel compounds, 
in the kind of experiments reported in this thesis, reliance is placed 
on the observation of clinical signs of viral disease. It is unlikely 
that viral contamination would occur through a breach in the integrity 
of the isolator barrier but it might be transmitted from parent to 
offspring when deriving GF animals from CV stock. Moreover, as all 
animals have the potential for generating retroviruses (Temin, 1974), no 
GF animal, strictly speaking, is free from endogenous viruses.
When microbial contamination of isolators occurs, the contaminants are 
identified as far as possible and, : in combination with information 
supplied by the log of entries and removals and careful inspection of 
the isolator after dismantling, it is possible to obtain an idea of the 
probable cause of contamination. Although routine monitoring of isolators 
is a relatively simple procedure, skilled microbiological help is essential 
for the microscopic examination of smears and in the event of contamination 
by organisms which are difficult to culture by routine methods. 
Microbiological expertise is also essential when GF rats are to be associated 
with known organisms, both in preparing the culture and in monitoring 
isolators to verify that the culture becomes established in the rat 
gastrointestinal tract.
Maintenance of Supplies Within Isolators
Two systems were used to maintain supplies of food, water and other
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essentials to rats within the isolators. Initially, as the entry ports 
of the isolators were only about 20cms long, the inner port opening 
could not be capped. The use of a "peracetic acid" isolator was essential 
for the entry and removal of supplies and in transferring rats from one 
isolator to another. In principle, the "peracetic acid" isolator, the 
operation of which is outlined by Trexler (1979, 1980) is a useful 
innovation as it protects personnel and animals from the unpleasant 
fumes of peracetic acid. The "peracetic acid" isolator (Fig. 2.10.,a) 
was loaded with supplies and connected to the isolator to be serviced, (b) . 
The interior was sprayed with peracetic acid and a 30 minute sterilisation 
period allowed before venting which was achieved by removing the entry 
port cap of the other isolator and allowing air from that isolator to 
blow through the "peracetic acid" isolator. The venting air left the 
"peracetic acid" isolator via a simple liquid trap containing sodium 
carbonate solution (not shown) which neutralised the peracetic acid 
vapour . The complete removal of peracetic'acid from within the isolator 
took 2-3 hours and spacious conditions were necessary for the smooth 
operation of the system. With the elongation of the entry ports so that 
the inner openings could also be capped, items were conveniently sterilised 
within the ports and the use of the "peracetic acid" isolator was confined 
to those rare occasions when a large quantity of supplies had to be 
entered into an isolator.
Methods of Sterilisation
Peracetic acid-is the liquid sterilant of choice in a GF facility, but 
its use does have some disadvantages. It is supplied as a 36%-40% solution 
mainly in acetic acid and is highly corrosive. Dilutions.of the acid to
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working strength should be carried out under a protective hood. Such a 
system has been described by Fordham (19/8).Dilution must always be 
made with distilled water and fresh solutions prepared each time, as 
traces of heavy metal ions or organic material hasten the.decomposition 
of peracetic acid solutions. The bacteriological and chemical properties 
of peracetic acid aerosols have been described by Greenspan, Johnson and 
Trexler (1955). Apart from its unpleasant odour and corrosive nature, 
peracetic acid has also been reported to be a co-carcinogen (Bock, Meyers 
& Fox, 1975) but this has not been confirmed.
Although peracetic acid is a very effective surface sterilant, organisms 
protected under a layer of grease or dirt will escape its germicidal 
activity. It is therefore necessary to handle all items to be sterilised 
by peracetic acid with rubber gloves. A detergent is also added to the 
sterilising solution to solubilise any adhering dirt or. grease. For this 
reason also, cages which have been soiled'and washed cannot be effectively 
sterilised with peracetic acid alone as residual particles of dirt and 
faeces will remain in corners regardless of the thoroughness of cleaning.
A prior steam sterilisation treatment of the cleaned cages is necessary.
Regardless of its drawbacks, peracetic acid still remains widely used.
Thus far, no microorganisms resistant to the action of a 2% solution of 
peracetic acid have been detected. It has a rapid sterilising action, 
liquid phase sterilisation occurring in less than 1 minute and in less , 
than 15 minutes in the vapour phase. Portner and Hoffman (1968) reported 
that the sporicidal effect was optimal at a relative humidity of 80%, 
hence the use of aerosols to produce a saturated atmosphere during the
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sterilisation operation.
Because of the corrosive nature, unpleasant odour and reported co- 
carcinogenic effect of peracetic acid , there have been attempts to find 
alternative sterilants with the same effectiveness. Tegodor (Th. Goldschmidt 
AG, Essen, F.R.G.), an ampholytic disinfectant containing formaldehyde 
and glutaraldehyde, is claimed by the manufacturer to be active against 
bacteria, fungi and viruses. Kellett ( 1979) reported that a 0.5% solution 
of Tegodor was effective in eradicating bacteria in aqueous solution. 
Sterilisation times are longer than for peracetic acid and aldehydes are 
known to sensitise the skin of some people. A 0.5% solution of Tegodor 
is used in the GF unit at the university to soak items that cannot be 
autoclaved or conveniently y-irradiated before sterilisation with 
peracetic acid. .
Alcide (The Alcide Corp., U.S.A.) has bedn claimed to be as effective 
a’ sterilant as peracetic acid'but'without•its unpleasant side effects 
(Orcutt, Otis & Alliger, 1981; Owen, 1984; Pell-Walpole & Waller, 1984).
The germicide is supplied in 2 parts which contains sodium chlorite and 
lactic acid as the active ingredients respectively. Equal weights of the 
2 parts are mixed immediately prior to application . This combination 
results in the formation of chlorine dioxide which is a potent bactericidal 
•compound. Alcide is manufactured in both liquid and gel forms.
In spite of its limitations, peracetic acid has advantages apart from 
its rapid action and vapour phase activity which makes it the liquid 
sterilant of choice in gnotobiotic research .No microorganisms resistant
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to peracetic acid have been found during the 30-years it has been used 
in gnotobiology. Decomposition to volatile non-toxic products that can 
be removed during ventilation occurs and there have been few reports of 
allergies developing as a result of contact with peracetic acid.
y-radiation at 50KGy is an effective method of sterilising diets and has 
been reported, to have little effect on protein quality and amino acid 
availability (Ley et al., 1969). Some vitamins are vulnerable to destruction 
by ÿ-radiation, vitamins A and E being especially labile (Coates, Ford, 
Gregory & Thompson, 1969).It is a standard practice to double the 
vitamin content of diets to be irradiated to compensate for any losses 
which would occur. Failure to increase the vitamin content of diets 
destined for y-irradiation can have disastrous consequences for a GF 
breeding colony maintained on the same diet after sterilisation. Initially, 
the breeding colony at the university was fed a commercial pelleted diet 
supplied by E. Dixon and Sons, the vitamin content of the diet having 
been boosted to compensate for radiation-associated losses. Because of 
the unacceptably large numbers of packages which were not adequately 
sealed, a change to the FRD diet manufactured by K.and K. Greeff Ltd. 
was made. The packaging of the diet was satisfactory but breeding females 
failed to raise their litters to weaning and a number of litters were 
lost. Following regular oral dosing with vitamins A and E every 2 weeks, 
the situation was resolved. Upon enquiry, it was found that the vitamin 
content of diets destined for ^-irradiation were not routinely increased.
The formulae of the respective diets are given in Appendix 1.
Incidence of Contamination
A number of contaminations occurred in the course of these studies, some
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involving a . single isolator and 2 more serious resulting in the loss of 
the entire colony (see pp. 45-50). As the causes of contamination were 
identified, steps were taken to prevent a recurrence of the event. For 
example, damage to the filter by a cage resulting in the contamination 
of an isolator containing BD IX rats inevitably occurred as some 
isolators had their filters standing upright in a corner where they could 
be easily hit by a cage, rather than suspended from the roof of the 
isolator. Following the relocation of these filters, a similar situation 
has not arisen.
The gloves and their attachments to the isolators are the weakest areas 
of the isolation barrier. The problems experienced with the leakage of 
air around the glove ring seal has been eliminated using the arrangement 
shown in Fig. 2.2. Ordinary household gloves were initially used on the 
isolators, but as their operational life was quite short, they were 
replaced with nitrile rubber industrial gloves which are much more 
durable. Unfortunately, some isolators containing Fischer and Lister 
Hooded rats became contaminated following the use of a defective batch 
of nitrile rubber gloves. Before attachment to the isolators, all gloves 
were checked for holes by inflating tightly in a vessel of saapy water. 
Gloves which had passed this test subsequently developed holes between 
the fingers. :
The total loss of the B D IX colony was traced to a tear in the entry port 
cap of the isolator housing these rats. At that time, the double-capped 
entry port was not installed on any of the isolators. This system might 
have saved the colony as, subsequently during its use, a tear occurred
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along a seam of the inner entry port cap but the isolator remained free 
from any detectable contamination until it was dismantled for modification. 
The loss of the GF Wistar colony was a serious setback for the unit.
Multiple contamination by the same species was :detected in all the
isolators at the same time. The common denominators were a batch of 
autoclaved water and ear punches which had been entered into the isolators 
at approximately the same time. Although it cannot be proved that a 
breakdown in the steam sterilisation procedure was responsible for the 
contamination, the situation does emphasise the need for the GF unit to 
have an autoclave-in situ under control of its own staff.
Present Status and Future Potential of the GF Unit
In spite of the setbacks encountered, the GF unit is still a viable concern, 
It must be remembered that at the start of the project, the isolators were 
in poor condition and together with the limited facilities and personnel 
available it was not surprising that it was some time before the routine 
maintenance of the colony could be carried out efficiently and confidently. 
The experimental use of GF rats also created some problems as techniques 
which could be carried out on the open bench were rather more difficult 
to perform in an isolator. Using the tube assembly depicted in Fig. 2.9., 
the tail of a rat could be heated sufficiently to permit a satisfactory 
collection of blood from the cut tip. The metabolism isolator (Fig. 2.8.) 
was designed and fabricated in theRobens Institute as a result of the 
need to collect urine and faeces satisfactorily under GF conditions. With 
further modification, it would be possible to collect expired respiratory 
gases if necessary. Broadly speaking, isolators can be constructed in 
response to a specific need, the major constraint being a shortage of space.
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The size of the GF unit at the university makes- it fairly easy to maintain, 
while providing sufficient animals for a moderate amount of experimental 
work. Gnotobiotics as a research tool is of potential value to a wide 
range of disciplines and the experiments described in this thesis show 
its application to the study of the metabolism of xenobiotics.
Figure 2.1
Basic Isolator Design
(b) Supporting Frame
(e) Filter
(d) Liquid Paraffin Outlet Trap
(c) Double-capped Entry Port
(a) PVC Envelope
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Figure 2.2
Attachment of Glove to Isolator Sleeve
(a) Isolator Sleeve
(e) Glove
(g) Rubber "O" Rings
(f) Rubber Bands
(d) White PVC Tape
(c) Glass Fibre Tape
(b) Rigid Plastic Glove Ring
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Figure 2.3
Entry Port Aperture
(a) Rubber Band Outer Entry Port Gap
Entry Port
s:v:- Vv-
(a) Rubber Band
(b) , White PVC Tape
Support
Inner Entry Port Cap
Isolator Envelope
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Figure 2.4
Filter Assembly
(c) Glass Fibre Tape
(d) Melinex Tape
(e) White PVC Tape
(a) Wire Support Frame
(b) Filter Material
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Figure 2.5
Liquid Paraffin Outlet Trap
(b) Air Outlet Duct
(a) Flexible Plastic Sleeve
(d) Liquid Paraffin
(c) Weight
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Figuré 2.6
Liquid Paraffin Outlet Trap
Mesh Screen
Wire Guide
(a) Inverted Cup
(b) Liquid Paraffin
Air Outlet Duct
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Figure 2.7
Cage Support of Large Isolator
(b) White PVC Tape
Isolator Envelope
(a) R ack Tube
(a) Rack Tube
(d) Cage
(c) "U" Shaped
Retainer
(e) Floor of Isolator
Support Frame
Side View Front View
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F i g u r e  2 . 8 .
M e t a b o l i s m  I s o l a t o r
Support Frame
(a) Metabolism Cage Assembly
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Figure 2.9
Tube Assembly For Heating The Tail Of A Rat
Isolator Envelope
(b) Whi te PVC Tape
(c) Heater Wire
(d) Soft Cloth
Boiling Tube
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Figure 2.10
Servicing Of An Isolator With
The ‘'Peracetic Acid” Isolator
Entry Port
Sterilised Supplies
S.
(a) "P eracetic Ac id" Isolator
(b) Isolator Being Serviced
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Figure 2.11. 
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Plate 2.7.
Breeding Record of Female Rat
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Plate 2.8. 
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SECTION 3
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MATm iiVLS m >  MALYTICAL METHCDS 
All chemicals were of analytical grade.
3.1. DETERMINATION OF HAEMOGLOBIN IN BLOOD
The basis of this method was the dilution of blood in a solution 
containing potassium cyanide and potassium ferricyanide which resulted 
in the conversion of haemoglobin to cyanmethaemoglobin. The diluent was 
based on Drabkin's reagent (Drabkin & Austin, 1932) as modified by van 
Kampen and Zijlstra (1961) and was prepared as outlined by Dacie'and 
Lewis (1975) .
Reagents •
Potassium ferricyanide (BDH Chemicals Ltd.) - 0.20g
Potassium cyanide (BDH Chemicals Ltd.) - 0.05g
Potassium dihydrogen phosphate (Fisons, Loughborough, U.K.) - 0.14g
Nonidet P40 (B7H Chemicals Ltd.) ; - 1.0 ml
The above chemicals were dissolved in distilled water and the solution
made up to one litre. The resulting reagent was clear and pale yellow 
in colour and when measured against water at 540 nm had an absorbance 
of zero. The pH of the solution was around 7.2 and it was stored at 
room temperature in an amber glass bottle.
Method
0.02 ml blood was added to 4 mis Drabkin's reagent and the solution mixed 
and allowed to stand at room temperature for 1 0  minutes before its
-81-
absorbance was read at 540 nm against a water blank using a Perkin- 
Elmer Lambda 5 UV/Vis spectrophotometer. The absorbances of standard 
solutions of cyanmethaemoglobin (Diagnostic Reagents Ltd., Oxfordshire, 
U.K.) containing the equivalent of 3.0, 11.5 and 18.0 gdl haemoglobin 
were also read against a water blank at 540 nm and a standard curve of 
absorbance vs haemoglobin concentration plotted. The haemoglobin content 
of the test sample was .obtained from the standard curve. A new standard 
curve was plotted for each batch of test samples.
3.2. DETERMINATION OF METHAEMOGLGBIN IN BLOOD
Methaemoglobin has a maximum absorption at 620 nm. When cyanide was 
added to a solution containing methaemoglobin, this absorption band 
disappeared and the resulting change in absorbance was directly 
proportional to the concentration of methaemoglobin. Total haemoglobin 
in the sample was measured after complete conversion to cyanmethaemoglobin. 
The method was based on that of Evelyn and Malloy (1938) as described 
by D acie et al. (1975).
R eagents
0.IM phosphate buffer, pH 6 . 8  
Potassium cyanide - 50 gl
Potassium ferricyanide - 50 gl
Nonidet P40 - 10 mil
Method ,, .
0 . 1  ml blood was lysed within a few minutes of collection in a cold 
solution containing 2 mis buffer and 3 mis detergent solution and stored, 
ca ice until analysis. The lysate was divided into 2 equal volumes,
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A and B. The absorbance of A was measured on a Perkin-Elmer Lambda 5 
UV/Vis spectrophotometer at 630 nm (Sj) . One drop of potassium cyanide 
solution was added and the absorbance measured again after mixing (S2 ) .
One drop of potassium ferricyanide solution was added to B, the solution 
mixed and the absorbance read at 630 nm (S3 ). One drop of potassium 
cyanide solution was then added and after mixing, a final reading made 
(S^ ). All measurements were made against a blank containing buffer and 
detergent in the same proportions as present in the sample. Methaemoglobin 
wascalculated as a percentage of haemoglobin in blood as follows:
Methaemoglobin = _£i___x 100
. ' ST. - Sj/
3.3. DETERMINATION OF NITRITE
This method was based on the diazotisation of sulphaniiic acid at 0°C 
followed by coupling of the diazonium salt formed to an aromatic amine 
which resulted in the production of a coloured compound whose absorbance 
was read in the visible region of the spectrum (Scheter, Gruenar & Shuval, 
1972). All solutions wère prepared in double distilled water.
Reagents
(a) 0.33% w/v suiphanilic acid (SA) solution: 0.5g SA (Sigma Chemical 
Co.) was dissolved in 120 mis water and 30 mis glacial acetic acid (BOH 
Chemicals Ltd. ) , the solution being warmed to aid the dissolution of ., 
the solid SA. The solution was stored in an amber bottle at room 
temperature.
(b) 0.15% w/v N-l-napthylethylenediamine dihydrochloride (NED) solution:
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0.23g NED (Sigma Chemical Co.) was dissolved in 120 mis water and 30 
mis glacial acetic acid the solution being warmed to aid dissolution 
of the NED. The solution was stored at room temperature in an amber 
. bottle.
(c) NaN0 2  stock solution : 0.1500g NaN0 2  (BDH Chemicals Ltd.) Was dissolved 
in water and the solution made up to 1 litre.
(d) NaN0 2  standard solution : 1 0 . 0  mis of the NaN0 2  stock solution' às
diluted to 1 litre with water. One ml of,the resulting solution contained 
lp.g NO2 ion. This standard solution was used to prepare a series of 
calibration standards.
Method
The approximate concentration of the test solution was checked using 
a Merckoquant Nitrite Test strip (E.Merck, Darmstadt, F.R.G.) to 
determine whether it had to be diluted before analysis. To 1 ml test 
solution, 9 mis water were added and th^ solution cooled in an ice bath. 
One ml SA solution was added and the test solution left in the ice bath 
for 15 minutes after mixing. One ml NED solution was then added and, after 
mixing, the solution replaced in the ice bath for a further hour. The 
absorbance of the resulting purple solution was read at 5 4 3  nm on a 
Perkin-Elmer Lambda 5 UV/Vis spectrophometer against a blank which had 
been taken through the same procedure as the test solution. Calibration 
standards ranging in content from 0  to 8 jig NO^ ion were treated in a 
similar manner and a standard curve of absorbance vs NO2 content plotted. 
The amount of NO2 in the test solution was obtained from the standard 
curve.
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3.4. DETERMINATION OF NITRATE BY CHEMILUMINESCENCE ANALYSIS
Nitrate is reduced by a ferrous ammonium sulphate/ammonium molybdate 
reagent (FAS/AM) to form presumably NoJ which yields nitric oxide on 
acidification. This is the basis for the chemiluminescence method of 
^^3 ^^termination, using apparatus described by Walters and his 
colleagues (1980).
Method
The FAS/AM reagent was prepared by dissolving 0.0625g FAS (BDH Chemicals 
Ltd.) and 0.0313g AM (Fisons) in 50% aqueous HgSO^ in a 250 ml round- 
bottomed flask having 3 necks. One neck of the flask was connected to 
a reservoir of 0 2 -free N2 at a pressure of 1 atmosphere and another to 
an efficient water condenser. The third neck carried a septum through 
which reactants were injected. Connection was made from the top of the 
condenser through 2 traps containing Na’OH and a tube containing - • 
solid CaCl2 to â Luminox lOlA chemiluminescence analyser (British 
Oxygen Corp.) which incorporated a photomultiplier refrigerated for 
—
After equilibration of the refluxing reagent in the round-bottomed 
flask, lOOpf of an aqueous standard NaNOg solution was injected and the 
response recorded. Subsequent injections of 500^1 of an aqueous extract 
of the sample and lOOp.1 NaNO^ standard were made and the NO^ concentration 
in the sample calculated. The effectiveness of the reducing reagent was 
diminished after each injection hence each sample injection was preceeded 
and followed by an injection of the standard solution and the reagent 
changed after 4 injections.
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3.5. DETERMINATION OF NITRITE M D  TOTAL N-NITROSO COMPOUNDS.
BY CHEMILUMINESCENCE ANALYSIS
N-nitroso compounds as a class may be determined by direct chemical 
denitrosation by HBr in acetic acid solution and chemiluminescence 
detection of the released nitric oxide using the method of Walters 
et al. (1980), the apparatus of which is described on p. 84.
Method
Samples of the material to be analysed or an extract were dissolved or 
suspended in 50 mis redistilled ethyl acetate in a round-bottomed flask 
having 3 necks. After equilibration of the sample in the refluxing 
solvent, 2 mis glacial acetic acid were injected into the system and 
the nitric oxide evolution due to NO2 recorded. The subsequent addition 
of 2 mis 15% HBr in glacial acetic acid caused a further evolution of , 
nitric oxide if any N-nitroso compound was present. The round-bottomed 
flask and the condenser were thoroughly rinsed with acetone after each 
determination to remove any traces of acetic acid and HBr. Total N-nitroso 
compounds in the sample was calculated by comparison with the response 
evoked by a standard solution of N-nitroso-L-proline or N-nitrosodimethyl- 
amine in ethyl acetate. Nitrite was determined by comparison with a 
standard NO2 solution.
3.6. DETERMINATION OF N-NITROSO COMPOUNDS BY GAS LIQUID CHROMATOGRAPHY .
AND THERMAL ENERGY ANALYSIS
(a) N-nitrosoproline (NERO) in Urine and Faeces
NIRO analysis of urine was carried out using the method of Ohshima (1983).
A. mixture of 16 mis urine, 4 mis 1% w/v sulphamic acid (SDH Chemicals Ltd.) 
in 1.5m H2 SO4 , 0.1 ml N-nitrosopiperidine-2-carboxylic acid (NPIC) 
solution in ethyl acetate (3.4 mg 1 ^)
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and 5g NaCl was shaken and allowed to stand until no more effervescence 
occurred. The solution was then poured onto an Extrelut column (E.Merck) 
and 15 minutes allowed to elapse before elution with 2 x.40 mis ethyl 
acetate. The eluate was dried over anhydrous NagSO^ (BDH Chemicals Ltd.) 
and filtered through a cotton plug. The Na2 S0  ^was washed with approximately 
20 mis ethyl acetate and the washings added to the filtrate. The filtrate 
was evaporated to approximately 1 ml in a rotary evaporator at a water 
bath temperature of 50° c. The concentrated solution was quantitatively 
transferred to an amber vial of borosilicate glass, a few drops of an 
ethereal solution of diazomethane (prepared as outlined on p.87) added 
and the solution allowed to stand for 30 minutes in the dark. The 
methylated solution was reconcentrated in a gentle stream of N2 and NPRO 
quantitated using a Hewlett Packard 5580A gas chromatograph coupled to 
a thermal energy analyser (Thermo Electron Ocrp., Massachusetts/U.S.A.). 
Separation was achieved on a glass column (2m x 2mm i.d.) packed with
10% Carbowax 20M oh Chromosorb W-HP, 10(7-120 mesh. Injection temperature
■ ■ o ■ .was 200 C and oven temperature 185 C.
Cloudy urine samples were first centrifuged at 5000g for 10 minutes to 
sediment any suspended material before extraction. In cases where the 
NPRO concentration in urine was too low to be detected in a 16 ml sample, 
1 0 0 - 2 0 0  mis were freeze dried and redissolved in 16 mis water before 
extraction.
Faecal samples were homogenised with water in a mortar. The suspension 
volumes were adjusted to 50 mis or 100 mis depending on faecal volume 
and centrifuged at 5000g for 10 minutes. Sixteen ml aliquots were taken
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from the supernatants and the experimental protocol for the analysis 
of urine followed. NERO in urine and faeces was calculated from the 
following formula:
Total NERO excreted (ng) = — —  x-^x — x N
B E S
A = Area of NERO peak
B = Area of NEIC peak
C = Molecular weight of NEIC methyl ester
E = Molecular weight of NERO methyl ester
V = Total volume (mis)
S = Sample volume (mis)
N = Amount of NEIC added (ng)
Ereparation of Diazomethane
2.14gOiazald (N-methyl-n-nitroso-p-toluênesulphonamide, Aldrich Chemical 
Co./ Dorset, U.K.) was dissolved in 30 mis diethyl ether in an ice bath.
Ten mis 4% w/v KOH (BOH Chemicals Ltd.) in absolute ethanol (James Burroughs, 
pic, London, U.K.) was added and the solution allowed to stand for 5 
minutes in an ice bath. If precipitation of solids occurred during this 
time interval, 1 - 2  mis absolute ethanol was added to redissolve the
precipitate. The ethereal solution was distilled in a water bath at
' ■ oapproximately 50 C and the distillate collected in an Erlenmeyer flask 
cooled in an ice bath. No glassware with ground glass connections was 
used at any stage of the preparation to minimise the risk of an 
explosion.
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(b) N-nitrosodimethylamine analysis
N) MA in chloroform solution was analysed by GLC-TEA using the same 
conditions as for NIRO analysis except no internal standard was used 
and the oven temperature was 140 C. NDMA was calculated using a 
calibration factor worked out for the instrument.
. - - 1. A  X  F  1000
N D  M A  c o n c e n t r a t i o n  ( p g l  ) =  2 125 x  10^  ^  ~ V —
A = Area of the ND MA peak 
F = Attenuation factor of TEA instrument 
V = Sample volume injected (p.1)
3.7. DETERMINATION OF HIOTEIN
The principle of this method is the reaction of an alkaline solution 
of copper sulphate (Biuret reagent) with a protein solution followed by 
reaction with a phenol reagent (Folin and Ciocalteu's reagent). After 
colour development, the absorbance of the solution was read at 725 nm. 
Ohnishi and Barr (1978) modified the Biuret reagent for protein 
determination by the Lowry procedure (Lowry, Rosenbrough, Farr & Randall, 
1951)/ The procedure described here is a refinement of the Ohnishi and 
Barr procedure by the Sigma Chemical Company as outlined in Sigma 
Technical Bulletin No. 590.
Reagents
Biuret reagent (Sigma Chemical Cc.)
Folin and Ciocalteu's reagent (Sigma Chemical Co.) -
_8 9—
Protein standard solution (Sigma Chemical Co . ): 10 gdl bovine albumin
in 0.85% NaCl
0.85% w/v NaCl in distilled water
Method
Test samples were diluted in 0.85% NaCl so that the final protein 
concentration was between 15 and 100 mgdl ^ . To 0.2 ml diluted test 
sample/ 2.2 mis Biuret reagent were added, the solution mixed and allowed 
to stand at room temperature for 10 minutes. 0.1 ml Folin and ciocaltau's 
reagent was added , the solution mixed and allowed to stand at room 
temperature for 30 minutes. The absorbance was then read on a Perkin- 
Elmer Lambda 5 UV/Vis spectrophotometer at 725 nm against a blank of 
0.85% Na d which had been treated in a similar manner to the test sample. 
Absorbance measurements were made within 30 minutes of final development 
of the blue-green colour.,
Calibration standards containing 0 to 100 mgdl protein in 0.85% NaCl 
were prepared from the standard protein solution and treated in the same 
manner as the test sample. A standard curve of absorbance vs protein 
concentration was plotted and the protein content of the diluted test 
sample determined. The initial protein concentration of the sample was 
obtained by multiplying the concentration of the diluted sample by the 
dilution factor.
3.8. DETERMINATION OF FORMALDEHYDE
Acetylacetone, formaldehyde and ammonium ions are the simplest stable 
chemicals that can take part in a Hantzsch reaction. In the colourimetric
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estimation of formaldehyde developed by Nash (1953), traces of . 
formaldehyde were added to an approximately neutral solution containing 
acetylacetone in the presence of excess ammonium ions. A yellow colour 
gradually developed due to the formation of 3,5-diaectyl-l,4-dihydro- 
lutidine and the absoÏD ance of the solution was read at 412 nm.
Reagents. , ' .
Ammonium acetate (HDH Chemicals Ltd.) - 150g
Glacial acetic acid - 3 mis
Acetylacetone (Sigma Chemical Co.) - 2 mis
The reagents were dissolved in distilled water and the solution made up 
to 1 litre.
Method
To 1.5 mis test sample, 1.5 mis Nash reagent were added and the solution 
mixed. The solution was then incubated at 37 C in a water bath for 40 
minutes. The absorbance of the solution was then read against a whter 
blank which was treated in a similar manner to the test sample. 0 . 0 2  ml 
formaldehyde solution (EDH Chemicals Ltd.) was diluted to 1 litre with 
distilled water and from this stock solution, standard formaldehyde 
solutions containing 0 to 5.6|ig formaldehyde in 1.5 mis solution were 
prepared. 1.5 mis Nash reagent were added and the procedure outlined 
for the test sample followed. A calibration curve was plotted and the 
amount of formaldehyde in the test sample determined.
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3.9. DETERMINATION OF GOT AND GPT IN SERUM .
Spectrophotoraetric methods for the determination of glutamie-oxalacetic 
transaminase (GOT) and glutamic-pyruvic transaminase (GPT) in serum were 
published by Karmen (1955) and Wroblewski and LaDue (1956).In these 
methods, the transaminase reactions were coupled to: specific dehydrogenase 
enzymes so that the ketoacids resulting from the transamination were 
reduced to their corresponding hydroxyacids by means of NADH. As the 
reaction proceeded, NADH was oxidised to NAD and the resulting decrease 
in absorbance at 340 nm followed bn a spectrophotometer. The procedure 
outlined below is a modification of the Karmen.and Wroblewski-LÆ) ue 
methods as outlined in Sigma Technical Bulletin No. 55-UV.
Reagents
GOT assay vials (Sigma Chemical Co.)
GPT assay vials (Sigma Chemical Co.)
Potassium dichromate (Sigma Chemical Co.) . - 3 mg/100 mis
Method
To each vial, 2.8 mis distilled water and 0.2 ml serum were added and
the contents mixed by inverting the vial several times. The resulting
solution was poured into a cuvet and after a 2 minute incubation period, 
the decrease in absorbance at 340 nm using the potassium dichromate 
solution as a reference was recorded over a further 2 minutes on a 
Perkin-Elmer Lambda 5 UV/Vis spectrophotometer. The GOT or GPT activity 
in serum samples was calculated using the following formula*
Serum GOT or GPT (units ml )^ = A A  x 50 x TCF
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AA = Decrease in abSorbance per minute 
TCF = Temperature correction factor (1.0 at 25°C) 
The factor, of 50 is derived as follows:
50
0.001 X 0.2
0 . 0 0 1  represents the change in absorbance equivalent to 1 unit of 
transaminase activity in a 3 ml volume with a 1 cm lightpath at 25 C. 
0 . 2  is the volume of serum in the cuvet.
SECTION 4
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EXPERIMENTS
Rats were maintained as outlined in Section 2. and all chemicals used 
were of analytical grade.
4.1. NIIRATE REDUCTION IN GN AND CV RATS
4.1.1. INTRODUCTION
The microbial flora of the alimentary tract is currently thought to be 
largely responsible for the in vivo reduction of nitrate to nitrite 
(Spiegelhalder, Eisenbrand & Preussmann, 1976; Tannenbaum, Weisman & Fett, 
1976; Wise et al., 1982). However it has been suggested that ingested 
nitrate is destroyed in the tissues (Whelan, 1935). Omura (1959) 
demonstrated nitrate-reducing activity in liver tissue. The studies of 
Fritsch, de Saint Blanquat and Canal (1976) and Lin and Lai (1982) hinted
at the possibility of a m a m m a l i a n  nitrate reductase in the gastrointestinal
tissue and it appeared as though tissue-activity was greater than that 
of gastrointestinal contents.
This activity was measured in tissue from CV rats and so could have 
been due to the presence of mucosa-associated bacteria. The comparative 
studies in GF and CV rats described here were done to determine whether 
or not nitrate reduction can take place in vivo in the absence of a
4.1.2. EXPERIMENTAL ÎROTOODL
(a) In Vivo Nitrate Reduction
Two experiments were performed. In the first, 2 male and 3 female GN
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BD IX rats, 5 months of age and monocontaminated with an unknown yeast, 
drank a solution of 2% w/v KNO^ (BDH Chemicals Ltd.) in distilled water 
for a period of 6  days. Samples of blood were obtained from the tail on 
the second and sixth day of dosing and collected in 1 ml blood pots 
(TekLab, Durham, U.K.). The nitrate solution was replaced with distilled 
water on the sixth day and further blood samples obtained after 13 days. 
Two male and 4 female CV counterparts followed the same dosing regime.
In the second experiment, 4 male GF and 4 male CV Porton-derived Wistar 
rats, 3 months old, drank a solution of 2% KNOg in distilled water for 
a period of 9 days, blood samples being taken from the tail before dosing 
began and on the second, sixth and ninth day of dosing. In both 
experiments, the blood samples were analysed for their haemoglobin and 
methaemoglobin content (see pp. 80-82). All rats were maintained on a 
commercial diet (E.Dixon & Sons).
(b) In Vitro Nitrate R eduction
Mucosal scrapings were obtained from the stomach and small intestine 
of GF rats, the entire procedure being carried out in an isolator under 
GF conditions. Three male Porton-derived Wistar rats, 15 weeks old, were 
killed by cervical dislocation and the abdominal cavity exposed. From 
each rat, the stomach was removed, cut open longditudinally and washed in 
0.9% w/v saline solution. The excised stomach was placed on a glass plate 
9 cms X  9 cms, the entire inner mucosal surface removed by scraping with 
the edge of a glass slide and added to a 30 ml glass universal bottle 
containing 10 mis 2% w/v NaNO^ in Krebs-R inger phosphate buffer, pH 7.4 
(see Appendix 4.1.). The buffer solution also contained 2% w/v glucose.
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The pyloric end of the duodenum was placed over the nozzle of a syringe 
containing 0.9% saline solution and the intestinal tract flushed. The 
small intestine was excised, slit longditudinally and mucosal scrapings 
obtained as described for the stomach. The bottles were sealed, removed 
from the isolator and incubated anaerobically at 37°C for 24 hours.
Incubation solutions containing mucosal scrapings from the stomach and 
small intestine of another rat were immersed in boiling water for 1 0  
minutes before incubation at 37 C. In addition, buffer-only incubations 
were performed. At the end of the stated period of incubation, the 
solutions were centrifuged at 10,GOOg for 10 minutes to clarify them 
and then analysed for their nitrite content (see pp. 82-83).
4.1.3. RESULTS
(a) In Vivo Nitrate Reduction
GF and monocontaminated rats drank slightly more nitrate solution than 
their CV counterparts (Table 4.1.1.) but differences in consumption were 
not significant. In both experiments, blood haemoglobin values remained 
fairly constant over the whole of the experimental period (Fig. 4.1.1 &
4.1.2.) and there were no significant differences in values between GF 
rats and their CV counterparts or monocontaminated rats and their CV 
counterparts. No significant sex differences were observed in BD IX rats 
and hence results from male and female animals were pooled for each 
series of observations.
Blood methaemoglobin values followed a similar pattern in GF, GN and CV 
environments (Fig. 4.1.3. & 4.1.4.). In experiment 2, GF rats had an 
initially higher value (P< 0.01) than their CV counterparts and this
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difference was maintained throughout the experimental period. No such 
difference was observed in experiment 1  between the monocontaminated 
rats and their CV counterparts.
(b) In Vitro Nitrate R eduction
Nitrate-reducing activity was exhibited by mucosal scrapings from the 
small intestine of GF rats, the activity being heat-labile. The activity 
exhibited by mucosal scrapings from the stomach was considerably less 
than that of the small intestine and the effect of heat was less clear. 
The total activity of each tissue is given in Table 4.1.2. No nitrite 
was detected in incubation solutions which did not contain mucosal 
scrapings.
4.1.4. DISCUSSION
A biochemical indicator of the reduction of nitrate to nitrite in vivo 
is the conversion of haemoglobin in blodd to methaemoglobin. In the 
experiments reported here, the elevation of blood methaemoglobin values 
was not observed until some days after nitrate dosing began. In the 
first experiment, the increase did not occur until after the second day 
and in the second experiment, the sixth day. In vitro studies on the - 
interaction of haemoglobin and nitrite (Marshall & Marshall, 1945/ Smith, 
1970) have reported a characteristic lag phase followed by the rapid 
conversion of haemoglobin to methaemoglobin. The overall reaction has 
2 simultaneously-occurring parts ORodkey, 1976). In the beginning, the 
rate-limiting reaction is the conversion of haemoglobin to methaemoglobin 
by nitrite. The second portion accounts for the major part of the 
stoichiometry of the reaction, the overall rate of reaction and is
—97—
autocatalytic in nature. In this reaction, nitrite forms a reversible 
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The difference in the time course of development of methaemoglobin between 
experiments may have been due to differences in the age and strain of rat 
used but the development of methaemogIda in in blood is not a sensitive 
indicator of nitrate reduction in vivo as some studies have failed to 
detect significant increases in blood methaemoglobin in response to 
ingestion of lower amounts of nitrate than those used in this study 
(Chow, Chen & Gairola, 1980/ Csallany S Ayaz, 1978/ Wise et al., 1982).
Regardless of the time course of development, this study-has shown that 
methaemoglobinaemia occurred in both GF and CV rats, implying that 
nitrate reduction can take place in vivo in the abfeence of a microbial 
flora. The presence of the unidentified yeast in the GN HD IX rats in 
experiment 1 did n o t  apparently influence the in vivo reduction of 
nitrate. As the yeast did not grow well at 37 C, it seems unlikely to 
have become established in the gastrointestinal tract and could be 
assumed not to have taken part in any in vivo metabolic processes.
GF rats had significantly higher values of circulating methaemoglobin 
in blood than did their CV counterparts throughout the experiment, 
which accords with the report of Sumi and Miyakawa (1985) that GF rats 
took longer to recover from nitrite-induced methaemoglobinaemia, than 
CV rats. No such difference was observed between GN rats and their CV 
counterparts. The reason for this discrepancy is not clear but it is 
unlikely to have been due to the presence of the yeast contaminant in
—98“
the GN rats since the organism did not grew at physiological temperature.
In both experiments, haemoglobin concentrations did not vary significantly 
between environments or during the course of an experiment,but K) IX 
rats had higher concentrations of haemoglobin in blood than did Wistar 
rats. It must be remembered that the 2 strains differed considerably in 
age. That nitrate ingestion had no effect on blood haemoglobin has been 
reported previously (Cazottes, Fritsch, Gas & de Saint Blanquat, 1981;
Chow et al., 1980).
The in vitro incubation of nitrate with mucosal tissue from the stomach 
and small intestine of GF rats conclusively demonstrated the presence of 
a nitrate-reducing system in the gastrointestinal tract of the rat which 
was heat-labile and so probably-enzymic in nature. It is well known that 
the intestinal wall of CV animals is thicker than that of their GF 
counterparts, the difference being mainly due to an increase in submucosal 
tissue (Gordon & Pesti, 1971). Although the cells responsible for nitrate 
reduction have not been identified, it is thought that the activity is 
associated with the epicytes. When mucosal preparations are made by 
scraping as in the experiments reported here, it is likely that more 
submucosal tissue will be taken from the gut of CV animals thus reducing 
the activity calculated per unit weight of tissue. For this reason, the 
results were expressed as total rather than specific activity.
The results obtained confirmed the findings of Fritsch et al. (1976) and 
Lin et al. (1982) in CV rats that small intestinal tissue had a higher 
activity than stomach tissue. The measurement of nitrite in the incubation
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medium does not take into account its further metabolism to other 
compounds thüs underestimating the tissue activity measured. Fritsch et 
al. (1976) reported that the amount of nitrite formed was less than the 
amount of nitrate which disappeared from the incubation medium.
It has been reported by Witter and Balish (1979) that nitrate ingestion 
by GF and CV rats resulted in detectable nitrite only in the stomach of 
CV rats . They found no nitrite on aerobic incubation of caecal contents 
and colon tissue with nitrate. The failure to detect a more widespread 
occurrence of nitrite in the gastrointestinal tract may have been due to 
the further metabolism of any nitrite formed from the low quantities of 
nitrate (0.1% in drinking water) ingested. It is also possible that 
aerobic incubation of microgram quantities of nitrate with caecal contents 
and colon tissue may have resulted in the re-oxidation of the very small 
amounts of nitrite formed to nitrate.
In the study reported here, no attempt was made to assess the contribution 
of other organs to the overall reduction of nitrate in vivo. Although the 
results have shown that the gastrointestinal flora is not essential for 
the in vivo reduction of nitrate in the rat, other evidence has indicated 
that a nitrate reductase of microbial origin is present in the alimentary 
tract. For example, nitrite in the oral cavity has been correlated with 
the activity of the oral microflora (Spiegelhalder et al., 1976/
Tannenbaum et al. , 1976) . The effect of dietary composition on the flora 
and also oh nitrate reductase activity in the rat has been demonstrated 
by Wise et al. (1982). A single dose of NaNO^ induced methaemoglobinaemia 
only in rats which had been fed a pectin-supplemented semisynthetic diet
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and not in those fed an unsupplemented diet. The nitrate reductase 
activity of the caecal contents of the pectin-fed rats was significantly
No attempt has been made to determine the influence of dietary components 
on nitrate reduction by mammalian systems, tîüt it is apparent that at 
least in the intestinal tract, the presence of fermentable dietary 
constituents can increase the contribution of the microbial flora to the 
in vivo reduction of nitrate. Lin et al. (1982) also reported that the 
reduction of nitrate to nitrite in the gastrointestinal tract of rats 
was increased by the administration of antacids. It is known that an 
increase in gastric pH results in an increase in the microbial flora of 
the stomach and in the concentration of nitrite in the stomach (DeBernardinis, 
Guadagni, Pistoia, Amicucci, Agnifili et al. , 1983,* Bockler, Meyer &
Schlag, 1983) . The antibiotics hetacillin, minomycin and thiamphenicol 
also increased in vitro nitrite production in rats whereas amikacin 
strongly inhibited it (Lin et al., 1982). The different effects of the 
antibiotics may have-been due to selective action on the microbial flora.
The gastrointestinal flora appears to have a measurable effect on nitrate 
reduction in vivo either when the ecology of the alimentary tract has been 
sufficiently distubsed so that an increase in the flora posessing nitrate 
reductase activity can occur or when the metabolic activity of the flora 
has been increased. Nitrate reduction in the CV rat appears to be 
dependent on both mammalian and microbial activity but the relative 
contributions of the 2 systems have not been assessed.
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Table 4. 1 . 1. :
Average D ally Intake of 2% KNO^; in D istilled Water 
of Gnotobiotic (GN) and Conventional (CV) BD IXR ats 
and Germfree (GF) and Conventional (CV) WistarR ats
Status Liquid Intake (mls/day)
BD IX GN (5) ' 22.9-1.9
E) IX CV (6 ) . ■ 18.5 Ï 3.1
Wistar GF (4) , ' 22.5 ^:2.5 .
Wistar CV (4) 20.6-2.3
Values represent Means — S.E.M. Numbers in parentheses 
represent number of rats used
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Figure 4.1.1
Change in Haemoglobin (Hb) Content of Blood of
Gnotobiotic (GN) and Conventional (CV) ED IX Rats
Dosed With 2% KNO3 in Drinking Water
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Figure 4.1.2.
Change in Haemoglobin (Hb) Content of Blood of 
Germfree (GF) and Conventional (CV) Wistar Rats 
Dosed With 2% KNOg in Drinking Water
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Figure 4.1.3
Change in % Methaemoglobin (MetHb) Content of
Blood of Gnotobiotic (GN) and Conventional (CV)
BD IX Rats Dosed With 2% KNOo in Drinking Water
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Figure 4.1.4
Change in % Methaemoglobin (MetHb) Content of
Blood of Germfree (GF) and Conventional (CV)
Wistar Rats Dosed With 2% KNO3 in Drinking Water
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Table 4,1.2.
Nitrate-Reducing Activity of Gastric and Small Intestinal 
Mucosae of Germfree (GF) Wistar Rats Incubated Anaerobically 
with 2% NaNOg in Krebs-Ringer Phosphate Buffer, pH 7.4
Treatment of Sample
Amount of NOo Formed ()ig/24h)
Stomach Small Intestine
Unheated 15.7 407.8
Unheated 49 -. 5 293.5
Heated 14.2 73.3
Each set of values given are the amounts of NO2 found on 
incubation at 37°C for 24 hours of the entire mucosal 
scrapings of the stomach or small intestine of one rat
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4.2. GASTROINTESTINAL pH MEASUREMENT IN GF N^I CV RATS
4.2.1. INTRODUCTION
Various products of microbial metabolism e.g. hippuric acid, absent 
in the GF rat, are excreted by or are present in corpore in the. CV rat.
For example, a variety of acid metabolites have been found in larger 
quantities in the urine of CV rats compared to GF rats (Holland, Rhodes, 
DalleAve, Wiesler & Novotny, 1983) and Wostmann et al. (1966) reported 
that GF caecal contents are more alkaline by approximately 1 pH unit.
With a view to.the possible influence on N-nitrosation (a further step 
in the in vivo metabolism of nitrate to be reported later in this thesis) 
in GF and CV rats, the pH of regions of their respective alimentary tracts 
were measured under different feeding regimes.
4.2.2. EXPERIMENT Ah PROTOCOL
(a) Gastrointestinal pH of GF and CV rats
Three male and 5 female GF and 5 male and 5 female CV, 7 week old Wistar 
rats of the Porton strain were maintained on a commercial pelleted diet 
(E.Dixon & Sons) and tap water. The rats were anaesthetised with 70 mg kg  ^
sodium pentobarbitone (Sagatal, May & Baker, Essex U.K.) intraperitoneally 
and the gastrointestinal tract exposed. The regions to be examined were 
the forestomach, glandular stomach, duodenum-, jejunum/ileum, caecum and 
colon. They were separated by clamps to prevent mixing of contents and a 
small cut made in the gut wall in each region. A Pye 401 M5E7 miniature 
Ag/Agd combination electrode was inserted and the luminal pH read when 
stability had been achieved. All measurements were made in fully fed 
animals between 0900 and 1200 hours. The pH of a 10% w/v suspension of
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the diet in distilled water was also measured, GF rats were removed from 
the isolator immediately before measurement and all procedures were 
carried out on the open bench.
(b) Influence of Fasting on the Gastrointestinal pH of GF and CV R ats 
Seven male and 5 female GF and 5 male and 6 female CV, 8 week old Lister 
Hooded rats were maintained on a commercial pelleted diet (IRD diet, K.&K. 
Greeff) and tap water. Of these, 4 male and 2 female GF and 3 male and 3 
female CV rats were fasted overnight for 18 hours before the pH measurements 
were made.
(c) Influence of Fasting Followed by a Timed Feeding Interval on the 
Stomach pH of GF and CV Rats
In the previous experiment it was noted that the amount of food present 
in the stomach varied greatly between animals. An attempt was made to 
eliminate this variation by allowing rats access to food for a controlled 
period after overnight fasting. Two experiments were performed on rats 
maintained on the commercial diet. In the first, 3 female GF and 3 female 
CV Lister Hooded rats, 6 weeks old, were fasted overnight for 19 hours 
and allowed access to food for 45 minutes before the stomach pH was measured, 
In a second experiment, 4 male and 2 female GF and 3 male and 3 female 
Lister Hooded rats, 8 weeks old, were fasted overnight for 18 hours and 
then allowed access to food for 6 hours before the pH of the stomach was 
measured. The stomach contents were collected, dried in an oven at 100 C 
and weighed.
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(d) Influence ofD iet and Magnesium Trisilicate on the Gastrointestinal 
pH of CV R ats
This experiment was done to determine whether the pH of the stomach in 
CV rats could be increased by feeding an antacid. Sixteen CV, 2 month 
old, Wistar rats of the Porton strain were divided into 4 groups of 4 rats 
and each group fed one of the following diets for 8 days: 20% lactalbumin 
diet (Appendix 1.8) with or without 1% magnesium trisilicate and LJ5>-2 
commercial powdered diet with or without 1% magnesium trisilicate. R ats 
were given distilled water to drink and the gastrointestinal pH measured.
4.2.3. RESULTS
(a) Gastrointestinal pH of GF and CVR ats
Values for the gastrointestinal pH of GF and CV rats fed pelleted commercial 
diets are given in Tables 4.2.1 and 4.2.2. In the first experiment, higher 
pH values were recorded in all regions of the gastrointestinal tract 
when compared to the CV gastrointestinal' tract in fully fed rats.
Significant differences in pH occurred in the stomach, small intestine 
and caecum. The results for the stomach were not repeated in the second 
experiment as, in agreement with previously reported data (Kunstyr et al., 
1976; Peters & Gartner, 1973) , the pH of both regions of the stomach 
varied with the amount of food present.
(b) Influence of Fasting
With the exception of tne forestomach, fasting resulted in increased pH 
values in the gastrointestinal tract in both GF and CV rats when compared 
with fully fed animals. In both environments, a non-significant decrease in 
forestomach pH and a significant increase in glandular stomach pH was
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observed, In the duodenum, the increase in pH in both environments 
although small was significant. There was little change due to fasting 
in the pH of the GF lower small intestine, caecum and colon. In the CV 
rat, the increases were significant, pH values being similar to those in 
the GF rat except in the CV colon, where the pH was much higher.
(c). Influence of Fasting Followed by Timed Feeding
The influence of fasting followed by a timed feeding interval on GF and 
CV stomach pH values is shown in Tables 4.2.3. and 4.2.4. A 45 minute 
feeding interval after an overnight fast resulted in similar pH values 
being recorded in both environments. After a 6 hour feeding interval, 
the stomachs of the rats were still full and pH values were somewhat 
lower in the forestbmach in both environments and in the CV glandular 
stomach when comoared to feeding for 45 minutes. In addition, a 
significantly lower pH was recorded for the CV glandular stomach than 
the GF stomach. The 2 experiments are not strictly comparable as they 
were performed at different times.
In this series of experiments it was noted that GF rats were more
resistant to the anaesthetic effect of sodium pentobarbitone than CV 
rats although no quantitative measurement of the effect was made. This 
finding has been previously reported by Gustafsson and Persson (1975).
(d) Influence of D iet and Magnesium Trisilicate on the Gastrointestinal 
pH of CVR ats
The effects of a purified diet and of magnesium trisilicate on the pH of
the gastrointestinal tract of 07 rats are shown in Table 4.2.5. The
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forestomach pH was significantly lower and that of the caecum significantly 
higher in animals, given the purified diet. Incorporation of magnesium 
trisilicate into the commercial diet significantly decreased the pH in 
the forestomach. It was also observed that on both diets containing the 
antacid, the entire stomach was largely devoid of contents. Significant 
increases in the pH of the caecum and colon were observed on both diets 
containing magnesium trisilicate.
4.2.4. DISCUSSION :
It was found that the pH of both parts of the stomach of rats in GF and 
CV environments varied with the amount of food present at the time of 
measurement. This is reflected in the large standard errors calculated 
compared to the rest of the gastrointestinal tract. Smith (1965,b) reported 
variable pH values for the CV rat stomach but no mention was made of the 
amount of food present at the time of measurement. Other workers have 
shown that the pH of the forestomach and glandular stomach of both GF 
and CV rats fall in the course of emptying, the forestomach emptying 
faster than the glandular stomach (Kunstyr et al., 1976,' Peters et al.,
1973). In the experiments reported here, a significant difference in the 
pH of the forestomach between fed GF and CV rats was not recorded in the 
second experiment, but in both experiments, the glandular stomach was 
significantly lower in the CV rat. It was observed in the second 
experiment that, in contrast to the CV rats, the stomachs of some of the 
GF rats were less than full (Table 4.2.2.). This may explain why the mean 
value for the forestomach pH in the GF rats was unexpectedly low. A drop 
in the pH of the emptying stomach in both environments would be likely, 
due to a reduced buffering capacity of the food present. In the 07
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forestomach, an increase in the numbers of lactobacilli with concomitant 
increase in lactic acid and other organic acids (see p. 115) may also 
occur. This would not explain the situation in the GF forestomach, 
suggesting that acid secretion from the glandular stomach determines to 
some extent the pH of the rat forestomach.
In an attempt to obtain rats with comparably full stomachs, GF and CV 
rats were fasted overnight and then allowed access to food for either 
45 minutes or 6 hours. The 2 experiments were performed on different days 
and are not strictly comparable, but the pH in both regions of the 07 
stomach was lower after 6 hours refeeding when compared to values 
obtained after 45 minutes and was lower than in the GF stomach 
(significantly so in the glandular stomach) which showed little change.
As there were no significant differences in pH between environments after
45 minutes feeding, this suggests that it takes longer than 45 minutes 
feeding for the effect of microbially-produced organic acids to be 
observed.
Highly significant differences in gastrointestinal pH between GF and CV 
rats were observed in regions of high microbial populations i.e. 
forestomach (in 1 experiment), lower small intestine and caecum. It has 
been suggested that the lower pH values in the CV rat is a result of 
microbially-produced organic acids. Lee et al. (1972) detected acetic, 
butyric and lesser concentrations of other volatile fatty acids (VFA) 
in the caecum of-the CV mouse. In the .GF mouse, only traces of acetic 
acid were found in the caecum and this was postulated to have been of 
dietary or mammalian origin. These findings were confirmed by Roach and
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Tannock (1979) w ho also reported" the_'presence of acetic acid only in the 
CV mouse ileum. It has been shown that caecal pH correlated negatively 
with VFA concentration (Storer, Illmans Trimble, 1984) and that strictly 
anaercbic fusiform bacilli are responsible for caecal butyric acid 
production (Lee et al., 1972).
Microbial fermentation of carbohydrate appears to be responsible
for VFA production as dietary cellulose increased caecal butyric, acetic 
and propionic acid in the rat caecum (Yang, Manoharan & Young, 1969). A 
high fibre diet containing 50% gum, pectin, crude potato starch and fibre 
components of wheat bran and soybean cake lowered the caecal pH and NH^ 
concentration in rats and increased plasma VFA concentration 4)emigne & 
Remesy, 1985). A similar conclusion was made by McKay et al. (1983) who 
noted that feeding a bran diet as opposed to a meat diet increased the 
VFA concentrations in the caecum and faeces of rats.
Much higher VFA concentrations are found in the caecum when compared with 
the colon (Bryne et al. , 1979,* McKay et al. , 1983) , concentrations in the 
caecum being similar to those in plasma from hepatic portal blood ^emigne 
et al., 1985/ Storer et al., 1984). This suggests that little caecal VFA 
reach the colon and their low concentration in this region would account 
for the fact that the pH of the CV colon is not significantly different 
from that of the GF colon in fully fed rats. The concentrations and 
absorbance of acetic and lactic acid from the duodenum was found to be 
negligible (Remesy & Demigne,, 1976) which may account for the fact that 
duodenal pH was not significantly different in GF and Œ  rats.
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The pH of the jejunum/ileum was higher than that of the duodenum, caecum 
and colon in fed GF and CV rats. In the CV rat, it would be expected that 
the large microbial population present would, through its production of 
acidic metabolites, lower the pH relative to the duodenum. In the GF rat, 
pH values would be similar throughout the intestinal tract. Ford (1974) 
concluded that, in the GF chick, the secretion of buffering substances by 
the wall of the ileum was responsible for this rise in pH and in the CV 
chick, sufficient buffer was secreted to neutralise any microbially- 
produced acids and raise the pH above neutrality. Secretion of buffer was 
thought to be lower in the caecum than in the ileum.
These conclusions would explain the results reported here for GF and CV 
rats. In the fed GF rat, colonic pH was found to be lower than in the rest 
of the intestinal tract. This observation was also reported for the GF 
chick (Ford, 1974) and may be due to a lower secretion of buffer than in 
either the ileum or caecum. In the CV rat and chick caecum, the production 
of acid metabolites by the microbial flora appears to be sufficient to 
overcome the effect of secreted buffer. It has been suggested (Asano,1967) 
that HCOg secretion was one of the most important buffering mechanisms 
in the lower intestine.
In the rat forestomach, which has been postulated to function as a storage 
organ'(Gartner & Pfaff, 1979), lactic acid, succinic acid and VFA have 
been shown to occur (Peters, 1973). Higher concentrations of acetic and 
lactic acids have been found in the forestomach compared to the glandular . 
stomach, suggesting that it is the accumulation of these compounds rather 
than the secretion of acid by the glandular stomach which determines the
-115-
pH of the forestomach in the CV rat R emesy et al., 1976) and Peters 
(1973) and Smith (1965^ have reported an increase in the numbers of 
lactobacilli together with a fall in forestomach pH after feeding. In 
fasted GF and CV rats, the pH of the glandular stomach was higher than 
that of the fed controls, presumably because of the absence of food- 
stimulated gastric acid secretion in both environments.In the 
forestomach, the pH decreased in both GF and CV rats,■ but because of 
the large variation between individuals, the decrease was not ■ 
statistically significant. The reason for this effect is unclear. It 
is unlikely to be due to mixing of contents between the 2 regions of the 
stomach, as in the fasted GF rat, the forestomach pH was lower than that 
of the glandular stomach.
The pH of the duodenum was slightly lower in CV rats, the difference 
being significant in the second experiment. It was significantly increased 
by fasting in both environments. The loWer pH in the CV environment may 
have been due to the more acid ingesta from the glandular stomach. The 
absence of this acidic ingesta in the fasted rat could account for the 
rise in duodenal pH in both environments.
The pH of the lower small intestine and caecum of the fasted CV rat 
increased to values similar to or higher than those of the GF rat. It 
has been shown that fasting decreased the caecal and colonic VFA 
concentration (Bryne et al., 1979) and increased caecal pH in the CV rat 
(Remesy et al., 1976). Rats utilise VFA present as sources of energy 
(Yang, Manoharan & Mickelson, 1970).In starved rabbits, the absorption 
of caecal VFA increases (Prohaszka & Szemeredi, 1984) and it is possible
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that,the same occurs in fasted rats. The significant increase in colonic 
pH in the fasted CV rat may have been due to an increased faecal excretion 
of NHg produced by bacterial action in the caecum as a result of reduced 
neutralisation by the lower VFA concentration in the caecum and colon.
The significant interactions calculated for the 3 regions were entirely 
due to the large effect of fasting on CV pH values, with little or no 
effect on pH in corresponding sites in GF rats.
As was reviewed in Section 1. (pp. 25-29), dietary changes may influence 
the metabolic activity of the gastrointestinal flora and probably the 
population profile. Experiments were performed to determine whether a 
20% lactalbumin diet could influence the pH of the CV rat gastrointestinal 
tract when compared to a commercial diet (Table 4.2.5.). On the purified 
diet, the forestomach pH was significantly decreased and the caecal pH 
significantly increased. There were no significant differences in other 
areas of the gastrointestinal tract. It.appears as though the purified 
diet is a more readily fermentable substrate for the microbial flora of 
the forestomach than the commercial diet and thus acid production would 
be greater. Furthermore, the purified diet would be more readily digested 
by the upper small intestine of the host, little fermentable subètrate 
reaching the caecal flora. In contrast, fibre components of the commercial 
diet would be largely unaffected by mammalian digestive processes and 
would be available for metabolism by the caecal flora to VFA which would 
lower the caecal pH.
The feeding of magnesium trisilicate was carried out in an attempt to 
increase the stomach pH of CV rats to GF values. The reaction of the
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trisilicate with HCl is slow and prolonged and the silica formed is in 
a.gelatinous colloidal state. The antacid action is slow in onset but 
is prolonged and powerful (Crossland, 1980). It must be emphasised that 
this data applies to man whose stomach is not divided into 2 regions as 
in the rat and due to the much lower pH, the contents are usually sterile. 
In the rat, the magnesium trisilicate decreased the pH of the forestomach 
especially in rats on the commercial diet but was without significant 
effect in the glandular stomach on both diets. It was noted that the 
stomachs of rats receiving magnesium trisilicate in the diet were nearly 
empty which, as discussed earlier, would explain the lower pH when compared 
to rats not receiving the antacid. The physicochemical characteristics of 
magnesium trisilicate and/or its reaction products with gastric contents 
may be such that, in the rat, gastric emptying is promoted.
The antacid effect of the chemical was observed only in the caecum and 
colon on both diets, which suggests that the magnesium trisilicate was 
largely unaffected by the gastric contents of the, rat. The significant 
interaction between diet and antacid calculated for duodenal pH values 
was probably fortuitous, resulting from a small non-significant rise on 
addition of the antacid to the commercial diet and a similar fall in the 
purified diet.
The pH of the gut of the CV rat was generally lower than that of the GF 
rat but in the forestomach, the influence of the flora was less clear. 
Possibly as a result of the reduction in acidic microbial metabolites in 
the gut, the pH of the gastrointestinal tract of the fasted CV rat was 
similar to that in the fasted GF rat which showed little difference when 
compared to the gut pH of the fully fed GF rat.
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Table 4.2.1.
Gastrointestinal pH of Germfree (GF) 
and Conventional (CV) Wistar R ats
R egion
nH
GF CV
Forestomach 6.2 + 0.5 4.3 i
***
1.1
Glandular Stomach 3.4 '+ 0.6 2.8 4-
*
0.4
Duodenum ; 7.8 ± 0.3 7.6 ± 0.3
Jejunum/lleum 8.3 ± 0.1 7.8 ±
***
0.3
Caecum 7.8 + 0.2 6.8 4-
***
0.4
Colon 7.2 + 0.2 6.9 ± 0.4
Values represent Me ansS.E.M  for 8 GF and 10 CV rats 
Significance of difference using Student's t test 
***P< 0.001 
*P<0.05
-119- 
Table 4.2.2.
Influence of Fasting on the Gastrointestinal pH of 
Germfree (GF) and Conventional (CV) Lister Hooded R ats
Region Fed , Fasted
GF CV GF CV
Forestomach
: *
4.8±0.6 5. #0.2 3.840.5 . 4.3±0.5
Glandular Stomach 4. #0.5 3 . #0.3 5.7±0.6 4.0±0.4
D uodenum 7. #0.1 6.9^0.0 7.4±0.1 7. #0.0
Jejunum/Ileum 7.9±0.0 7.4^0.1 7.9±0.1 I 8.0-0.0
Caecum 7.1±0.1 6.4±0.1 6 . 9±0;. l 7.2±0.0
Colon 6.8±0.0 6.8±0.2 6.8±0.1 7.6±0.1
Values represent Means - S.E.M'. for 6 rats
*Amount of food present varied between individual rats as shown 
below '
D egree of pH
Stomach Filling GF Forestomach GF Glandular Stomach
4.6 3.0
Nearly Empty
: 3.5, 3.3
2.9 5.8
Partially Full
4.6 2:7 '
6.7 4.9
Full
6.7 4.9
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Table 4.2.2. (continued)
R egion
Analysis of Variance
GF vs 
CV
Fed vs 
Fasted Interaction
Least 
Significant 
D ifference
Forestomach NS NS I ;, I NS 1.6
Glandular Stomach P-tO.025 P^O.Ol NS 1.5
Duodenum P<0.01 P<0.001 NS ' 0:2
Jejunum/Ileum P<0.01 PcO.OOl P-c 0.001 0.2
Caecum P<0.01 PCO.Ol PcO.OOl 0.3
Colon PC0.01 PcO.Ol P^O.OOl ./ /O.3. . . :,
NS = Not significant
■ - 1 2 1 -  
Table 4 .2.3.
Influence of a 19 Hour Fast Followed by 45 Minutes 
Feeding on the Stomach pH of Germfree (GF) 
and Conventional (CV) Lister Hooded Rats
R egion
•pH : '
GF . ■ CV
Forestomach 
Glandular Stomach
,6.6 •- 0.0 
4.7 -- 0.5
. 6.7 - 0.0 
5.2 ± 0.6
Values represent Means - S.E.M. for 3 rats
Table 4.2.4.
Influence of an 18 Hour Fast Followed by 6 Hours 
Feeding on the Stomach pH of Germfree (GF) 
and Conventional (CV), Lister Hooded R ats
R egion ,
pH
GF CV
• Forestomach
Glandular Stomach
Whole Stomach 
Contents 
(g/dry matter)
6.3 ± 0.1 
4.8 - 0.2
6.1 - 0.1 
3.6 ± 0.4*
1—2
Values represent Means - S.E.M. for 5 rats 
*Significantly different from GF values at P<0.05 using 
Student's t test ,
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Table 4.2.5.
Influence ofD let and Magnesium Trisilicate on the 
Gastrointestinal pH of Conventional (CV) WistarR ats
R egion
: c / CM LM
Forestomach 4.5±0.2 2.8±0.6 2.5±0.2 2.2±0.1
Glandular Stomach 2.3^0.2 2.5±0.2 2.3±0.1 2.0±0.1
D uodenum 6.9^0.2 7.2±0.1 7.3±0.1 7.0±0.1
Jejunum/lleum 7.8±0.1 7. #0.1 7.9±0.1 8 . # 0  .1
Caecum 6.7±0.1 7.2±0.1 7.7±0.2 8.0±0.1
Colon 7.3±0.2 7.7±0.3 7. #0.6 7.6±0.1 ,
C = Commercial diet 
L = Lactalbumin diet 
M = D iet + magnesium trisilicate 
Values represent Means ± S.E.M. for 4 rats
R egion
Analysis of Variance
C vs L ■ ±
Trisilicate
Interaction
Least 
Significant 
D ifference
Forestomach PCO.Ol PC0.025 NS 1.2
Glandular Stomach NS : NS NS 0.5
Duodenum NS NS PCO.05 0.4
Jejunum/lleum NS NS, 0.4
Caecum P<0.01 P<0.05 NS 0.6
Colon NS P<0.05 NS 0.7
NS •= Not significant
—  1 2 3 —
4.3. INFLUENCE OF THE GASIR OINTESTINAL FLCR A ON N-Nlli? OSATION IN THE R AT
4.3.1. INTRODUCTION
N-nitroso compounds are a class of potent carcinogens formed by the 
reaction of secondary and tertiary amines with nitrite at acid pH. The 
optimal pH depends on the amine precursor and is between pH 2 and pH 5.
A number of these compounds have been tested in a variety of animal species 
and to date there is no species known to be resistant to the carcinogenic 
effects of these agents ( I ARC Monographs Vol. 4, 1974 & Vol. 17, 19.78).
It has been demonstrated that à number of drugs, pesticides and food 
components can be nitrosated in vitro under simulated gastric conditions 
(Gilliat, Hart, Walters & Reed; 1984, Sen, Donaldsons Char bo nneau, 1974; 
Walters,Dyke, Saxby S Walker, 1976). N-nitrosation has also been showh 
to take place in vivo (Eisenbrand, Ungerer & Preussmann, 1974; Ohshima,
Mahon, WahrendorfS Bartsch, 1983). It is generally accepted that the in 
vivo formation of these compounds occurs in the acid environment of the 
stomach but numerous reports in the literature (see pp.20-22) indicate 
that at least in vitro, the gastrointestinal flora can catalyse the 
formation of N-nitroso compounds from nitrite or nitrate at neutral pH.
The comparative studies in vitro and in vivo described here were done to 
determine the influence of the microbial flora of the rat bn the in vivo 
formation of N-nitroso compounds.
4.3.2. EXPERIMENTAL PROTOCOL
(a) In Vivo Experiments in GF and CVR ats
All rats were fed a commercial pelleted diet (EJ>ixon& Sons). In experiment I,
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two female, 2 month old, GF Wistar rats of the Porton strain and their 
CV counterparts drank a mixture of equal volumes of solutions of 2% w/v 
L-proline (hydroxy-L-proline-free, Sigma Chemical Co.) and 4% w/v NaNO^ 
(BDH Chemicals Ltd.) in distilled water for 6 days. In experiment ii, 2 
male, 3 month old, GF Wistar rats of the Porton strain drank equal 
volumes of 1% w/v L-proline and 2% w/v NaNOg for the same period of time. 
Urine was collected in 5 mis IM NaOH (May & Baker) over the 24 hour period 
prior to dosing and during the final 24 hours of dosing. The rats were 
placed in glass metabolism cages with a wire grid floor 24 hours prior to 
the collection of urine samples.
Experiment iii was performed using 4 male, 2 month old, GF Wistar rats of 
the Porton strain and their CV counterparts. The rats drank a mixture of 
equal volumes of 2% L proline and 4% NaNO^ for a 7 day period and urine 
and faeces collected in iM NaOH over the final 3 days. After every 24 hour 
collection, the metabolism cages were rinsèd with approximately 10 mis 
distilled water and the washings added to the urine. N-nitrosoproline 
(NPRO) was measured using a gas-liquid chromatograph coupled to a thermal 
energy analyser (see pp.85-88).
(b) In Vitro Experiments
Two male CV Wistar rats of the Porton strain were killed by cervical 
dislocation and gastrointestinal tissue and contents, livers and kidn^rs 
obtained. The livers and kidneys were washed in cold 0.9% NaCl and a 33% 
w/v homogenate of each prepared in Krebs-R inger phosphate buffer, pH 7.4, 
containing 2% w/v glucose. A 16 cm portion of the small intestine, measured 
from the pylorus, was flushed with cold 0.9% NaCl and a 33% w/v homogenate
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prepared. Stomach and caecal contents were suspended in 10 mis distilled 
water, the stomachs washed out with cold 0.9% NaCl and homogenised like . . 
the other tissues. The homogenates and suspensions from each rat were 
pooled and 10 ml samples (liver homogenates were diluted twice with buffer 
before sampling) incubated with 0.5 mmol NaN02 and 0.5 mmol amidopyrin 
(BDH Chemicals Ltd.) , each in 1.0 ml distilled water, in a shaking water 
bath for 2 hours at 37°C. Excess sulphamic acid (BDH Chemicals Ltd.) was 
added to stop the reaction, the samples extracted with 2 x 10 mis CHCl^ 
and the extracts made up to 25 mis.
N-nitrosodimethylamine (NDMA) in the extracts was quantitated using a gas- 
liquid chromatograph coupled to à thermal energy analyser .p uplicate 
samples were heated for 20 minutes in a boiling water bath before incubation 
Blank incubations were carried out without addition of biological material 
to the incubation medium.
In a second experiment, 5 male and 2 female GF Fischer rats and their CV 
counterparts were killed by cervical dislocation and the forestomach and 
glandular stomach clamped to prevent mixing of contents. The contents from 
each region were suspended in 5 mis distilled water and the pH of the 
suspensions recorded. To every sample, 0.05 mmol NaN02 and amidopyrin, 
each in 0.5 ml distilled water was added, the suspensions incubated and 
extracted and NDMA quantitated as outlined before.
In a third experiment, the pooled contents of the entire stomachs of 6 
male CV Fischer rats killed by cervical dislocation were suspended in 
twice their weight of 0.9% NaCl. A bacteria-free filtrate of the suspension
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. was obtained by filtration as described by Fuller, Coates and Harrison 
(1979). The forestomach and glandular stomach contents of 6 male GF Fischer 
rats were each suspended in 3 mis distilled water. To half of the samples 
from each region, 2 mis sterile filtrate were added, to the other half,
2 mis 0.9% NaCl and the pH of each sample recorded. The samples were 
treated in the manner described for the second experiment and NDMA present 
quantitated.
4.3.3. RESULTS
(a) In Vivo Experiments
In experiment iii, the GF rats became contaminated with a Bacillus sp., 
a Gram-positive rod and another unidentified rod. None of the contaminants 
grew readily at 37°C and it seems likely that they were only transients 
in the gastrointestinal tract.
The in vivo formation of NPRO occurred to a greater extent in 07 rats than
in GF or GN rats although both GF and GN rats did have the ability to
nitrosate proline in vivo (Table 4.3.1.). Relatively small quantities were 
present in the urine of all rats before dosing and negligible amounts 
detected in faeces of GN and CV rats. GN and GF rats drank more than did
CV rats and no NPRO was detected in the dosing solution.
N-nitroso derivatives of pyrollidine (NFYR), sarcosine (NSAR) and 
thiazolidine-4-carboxylic acid. (NTCA) as wfell as an unidentified N-nitroso 
compound"with a retention time of about 5 minutes were' occasionally 
detected in urine and faecal extracts of GF, GN and CV rats (Figure 4.3.1.),
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Qualitative differences in the concentrated ethyl acetate extracts of 
urine of GF, GN and CV rats were observed. In the GF and GN rat, they 
were orange-yellow in colour and in the CV rat, purple.
(b) In Vitro Experiments
The highest formation of NDMA occurred in stomach contents when various 
tissue homogenates and gastrointestinal contents were incubated with 
nitrite and amidopyrin (Table 4.3.2.) . Stomach and smallintestinal tissue 
were also able to form NDMA. A heat pretreatment greatly reduced the 
nitrosating ability of stomach tissue but had little effect on either 
stomach contents or small intestinal tissue. With the exception of the 
preheated kidney homogenate, NDMA detected in the other samples was much 
less than the blank incubations.
When the contents of both regions of the stomach of GF and CV rats were 
incubated with nitrite and amidopyrin, significantly more NDMA was formed 
in incubates of both regions of the CV stomach compared to the GF stomach 
(Table 4.3.3.) . In both the GF and CV fat, incubates of the glandular 
stomach produced more N) MA than those of the forestomach. A significantly 
higher pH was recorded for the contents of the GF forestomach compared to 
CV contents. The addition of a bacteria-free filtrate of the stomach 
contents of CV rats to contents of the forestomach and glandular stomach 
of GF rats significantly-increased their ability to form NDMA from nitrite 
and amidopyrin (Table 4.3.4./.
4.3.4. D ISCUSSION
There was considerable variability in the excretion of NPRO in urine from
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rats of the same status when urine was collected for only 24 hours 
(Ej^ts. i &. ii, Table 4.3.1.). This variability w&s reduced when urine 
was collected for more than 24 hours. Nevertheless, the results from all 
3 experiments indicate that although; NERO can be formed in GF rats, C\7 
rats produced much more. Significant differences in gastric pH between GF 
and CV rats were reported earlier in this thesis (pp. 107-122). In the 
experiment in vitro, stomach contents from the CV rat were more active in 
forming NDMA than tissue homogenates and caecal contents and heat had 
little effect on the nitrosating ability (Table 4.3.2.). It would appear 
as though the significantly higher excretion of NPRO in the urine of CV 
rats was the result of enhanced formation in the more acid environment 
of the CV stomach and no direct involvement of the microbial flora need
—
The in vitro experiment with stomach contents from GF and CV rats 
(Table 4.3.3.) indicated that, in both GF and CV rats, contents from the 
glandular stomach were more active in forming NDMA from nitrite and 
amidopyrin than those from the forestomach. This is in agreement with the 
hypothesis that it is the pH which is the rate-limiting step in 
N-nitrosation in vivo. However, the greater formation of NDMA by contents 
from both regions of the CV stomach compared to the GF stomach cannot be 
explained solely by differences in pH, for in this experiment, the average 
pH of contents from the CV glandular stomach was slightly higher than those 
taken from the GF glandular stomach but NDMA formation was nearly twice 
as high. In forestomach contents from the CV rat, a greater than 10-fold 
increase in NDMA formation was cb served when compared to contents from the 
GF rat and although a significantly lower pH was recorded in CV contents.
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this would be unlikely to account for such a large increase in NDMA 
formation.
The addition of a bacteria-free filtrate of contents from the CV rat 
stomach to forestomach and glandular stomach contents from the GF rat 
increased NDI4A formation to values obtained for the CV rat (Tables 4.3.3.
& 4.3.4.)v indicating that products of microbial metabolism may be acting 
as catalysts of N-nitrosation. Hughes and Ridd (1958) reported that acetate 
can catalyse the N-nitrosation reaction. In addition to acetate and other 
VFA^ lactate and succinate have bèen detected in the forestomach of the 
CV rat (Peters, 1973; Remesy et al., 1976).Thiocyanate, another catalyst 
of N-nitrosation (Fan & Tannenbaum, 1973) has also been detected in the 
gastric juice of rats (Schweinsberg, 1974).
In contrast, it has been recently reported (Mallett, Rowland, Cottrell S 
Gangolli, 1985) that similar quantities of NP&O are excreted in urine by 
CV and antibiotically-treated rats when given oral doses of L-proline
and NaNOg. In that experiment, the protocol differed greatly to the one 
reported here. The rats were fed a purified lactalbumin diet (Appendix 1.83 
and, following an 18 hour fast, were gavaged. with NaNO^ followed 45 
minutes later by L-proline. Urine was collected for 6 hours via an
indwelling catheter in anaesthetised rats. In the CV rat, fasting would 
alter the composition of the gastrointestinal flora (Smith, 1965,b) and 
probably decrease the concentration of organic acids which appear to 
catalyse N-nitrosation.
The delay in the administration of proline after dosing with nitrate would
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ensure that no reaction took place in the stomach. Thus the results of 
Mallett et al. appear to reflect a purely mammalian process, completely 
bypassing intragastric formation which has been shown here to be of 
major importance in the formation of N-nitroso compounds.
Stomach tissue exhibited low nitrosating activity which appeared to be 
heat-labile (Table4.3.2.). Slight activity also recorded for small'" 
intestinal tissue was unaffected by heat. However, in this experiment, as 
single incubations of pooled samples of each tissue or gastrointestinal 
contents were performed, the statistical significance of the results 
cannot be determined. It is clear nevertheless that the stomach contents 
of the rat have the greatest potential for N-nitrosation.
Binding of nitrite by liver tissue, both heated and unheated, may be a 
plausible reason for the very low formation of NDMA by these samples.:
It would appear as though kidney homogenates were either actively . ;
inhibiting the in vitro formation of NDMA or enzymically degrading the 
nitrosamine as fast as it was formed, since heat-inactivated samples 
formed far more NDMA than unheated ones. Klubes et al. (1972) have reported 
that glucose is required for the formation of NDMA from precursors by rat 
intestinal bacteria. The omission of glucose or the use of a boiled 
bacterial preparation suppressed nitrosamine formation. This is in 
agreement with the results presented here. Glucose was not added to the 
samples of caecal contents for it is likely that in vivo, the glucose 
concentration of caecal contents of the rat would be negligible. It can 
be assumed that in vivo, N-nitrosation would also be negligible in the 
intestinal lumen of the rat. Archer, Lee and Bruce (1932) came to the same
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conclusion with regard to man.
In addition to NERO, NPYR, NSAR, NTCA. and an unidentified peak were 
occasionally detected in urine samples from GF and CV rats. These 
N-nitroso compounds were not quantitated-as the sample preparation method 
was developed for N R G  and at least in the case of NTCA, which is acid- 
labile, decomposition would occur during concentration of the ethyl 
acetate extracts. These compounds may have been present in the commercial 
diet or formed from precursor amines and nitrite in vivo. In the case of 
NPYR, it may also be formed by decarboxylation of NFRO but as it has : 
already been shown that NPRO is excreted -quantitatively in urine and faeces 
(Chu & Magee, 1981 ; Dailey, Braunberg & Blaschka, 1975), this appears 
to be unlikely. NTCA has also been detected in urine samples from man 
(Ohshima, O'Neill, Friesen, Bereziat & Bartsch, 1984) and can be formed 
in vitro by reaction of L-cysteine with formaldehyde and nitrite at acid
...
The compound responsible for the purple colour observed in ethyl acetate 
extracts of CV rat urine has not been identified but was present in the 
urine of CJ rats fed a commercial or purified diet. Some physicochemical 
characteristics of the purple compound have been determined. In ethyl 
acetate solution, CV samples exhibited a at approximately 600 nm
Til 3.x .
which was absent from GF extracts (Figure 4.3.2.) . TLC separation on 
silica gel plates (E.Merck) using a mobile phase of equal volumes of 
acetone and hexane resolved the extract into 3 distinct zones, coloured 
blue, red and yellow. The blue zone was the most polar of the 3 and the 
yellow zone remained at the origin. It was originally thought that the red
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zone may have been a vitamin 2 analogue whose presence was due to the 
metabolic activity of the caecal flora as there were some similarities 
in the UV spectrum of aqueous vitamin B ^ 2  and an ethyl acetate solution 
of the red zone (Figure 4.3.3.). However, an E. coli assay for vitamin B^^ 
activity in the sample performed at the Food R esearch Institute, R eading, 
proved negative.
Some aqueous samples of urine were highly concentrated by rotary evaporation 
at 50°C before extraction with ethyl acetate. An intense purple colour 
developed within seconds of elution of the sample from the Extrelut 
extraction tubes. The possibility of free radical formation in the 
extract can be considered, but there is no evidence to support this theory. 
As the colour was never observed in extracts of GF rat urine, it can be 
concluded that the responsible factors are products of microbial metabolism 
as yet unidentified.
N-nitrosation was demonstrated to occur primarily in the acid environment 
of the stomach,and the presence of unidentified end products of microbial 
metabolism resulted in much greater formation of nitrosamines in the CV rat 
than in the GF rat when fed a commercial pelleted diet.
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Table 4.3.1.
0 ally Intake of Proline-NaNO^ Solution and Urinary Excretion 
of N-Nitrosoproline (NPRO) in Germfree (GF), Gnotobiotic (GN) 
and Conventional (CV) Wistar Rats
Experiment Sex Status
Liquid Intake 
-1(mis day )
NER 0 Excretion (ng day ^)
Individual Mean
(i)
1% Proline 
+
2% NaNOg
Female
GF
GF
56.0 ± 3.5
0
143
72 ± 72 , /
CV
CV
49.6 - 5.6
1191
2207
1699 ±508
(ii) 
0.5% Proline 
, +
1% NaNOg
Male
GF
GF
47.0 ± 2.9
350
;.:329:
339 ±11
CV
CV
42.0 ± 5.6
370
867
619 ±243
(iii)
1% Proline 
+
2% NaNOg
Male
GN
GN
GN
GN
55.6 ± 2.7
333
70
355
211
, * 
242 ±65
CV
CV
CV
CV
52.9 ± 3.3
417
356
448
550
443 ± 41
*Significantly different from CV values at P<0.05 using Student's 
t test
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Table 4.3.2.
In Vitro Formation of ,N-Nitrosodimethylamine (NDMA) by Tissue 
Homogenates and Gastrointestinal Contents of Conventional (CV)
WistarR ats
Sample
NDMA Formed (^ imol)
Unheated Heated
Stomach . ' : '31.12 : 19.15
Stomach Contents / ; 350.54 303.86
Small Intestine 37.83 34.36
Liver 1.51 0.44
Kidney 6.32 25.99
Caecal Contents 0.02 0.28
Blank 12.56 11.32
Tissue homogenates and gastrointestinal contents were obtained 
from pooled samples.of 2 CV rats
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Table 4.3.3.
In Vitro Formation of N-Nitrosodimethylamine (NDMA) by Stomach 
Contents From Germfree (GF) and Conventional (CV) FischerR ats
Forestomach Glandular Stomach
Status
pH . NDMA
(jimol)
pH
NDMA
(pmol)
GF ' 4- *5.1 ± 0.2
, ** 
0.4 ± 0.0 2.9 ± 0.2
. *
6.2 ±0.7
CV 4.5 ± 0.1 5.6 ± 1.2 3.3 ± 0.2 11.2 ±2.2
Values represent Means - S.E.M. for 6 rats 
Significance of difference using Student’s t test: 
*P<0..05,
**P<0.001
Table 4.3.4.
Influence of a Bacteria—Free Filtrate of the Stomach Contents 
of Conventional (CV) Fischer R ats on the In Vitro Formation of 
N-Nitrosodimethylamine (NDMA) by Stomach Contents of Germfree
(GF) Fischer Rats
Status
Forestomach Glandular Stomach
pH NDMA(jimol)
pH NOMA(pmol)
+ -Filtrate 
- Filtrate
4.3 ± 0.1 
4.9 ± 0.3
**
4.8 ± 0.9 
0.8 ±0.3
3.7 ±0.1 
3.0 ± 0.4
11.0 ± 1.1 
6.4 ±1.0
Values represent Means - S.E.M. for 3 rats 
Significance of difference using Student's t test 
*P40.05 **P<0.02
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Figure 4.3.1
Gas-Liquid Chromatogram of an Ethyl Acetate
Solution of N-Nitroso Compounds
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Figure 4.3.2
UV Spectrum of Ethyl Acetate Extracts of Acidified
Urine of. Germfree (GF) and Conventional (CA7) R ats
0.9
0.6
CV Urine
700600500
Wavelength (nm)
— 138—
oro
O
CN
o
oom
ro
n
o•om
on CN
on
S3ueq%osqv
5
§ 
I—I
>
s
- 1 3 9 -
4.4. INFLUENCE OF DIETARY PROTEIN ON ENDOGENOUS NITR?TE ?ND N-NITROSO 
COMPOUND EXCRETION IN THE RAT
4.4.1. INTRODUCTION
Nitrate balance studies have indicated that man excretes more nitrate 
in urine than is ingested in the diet and it has been proposed that this 
excess nitrate is ; synthesised endogenously via the oxidation of NH^ and 
other nitrogenous compounds (Green, Ruiz de Luzuriaga, Wagner, Rand,
Istfan , Young & Tannenbaum,* 1981, Kurzer & Calloway, 1979/ Saul & Archer, 
1984/ Tannenbaum, Fett, Young, Land & Bruce, 1978).,Green, Tannenbaum 
and Goldman (1981) and Witter et al. (1981, 1982) have demonstrated that 
a urinary excretion of nitrate in excess of dietary intake occurs in both 
GF and CV rats, indicating that the effect is not dependent on the 
metabolic activity of the gastrointestinal flora. The excess urinary 
nitrate is not derived from atmospheric oxides of N2 as Saul and Archer 
(1983) have demonstrated excess urinary nitrate excretion in rats maintained 
in a nitrogen oxide-free environment. The endogenous formation of nitrate 
in man has been disputed by Bartholomew and Hill (1984).
It seems possible that the excess nitrate excretion observed in the 
studies mentioned may have been the result of ingestion of protein in 
excess of dietary requirements via the formation of nitrogenous end 
products of amino acid catabolism. If such is the case, then the 
production of NH3 through the deamination of amino acids and urea by the 
gastrointestinal flora of the rat may also be a factor in the in vivo 
synthesis of nitrate. This de novo synthesis of nitrate could be of 
significance in the endogenous formation of carcinogenic N-nitroso 
compounds and the experiments reported here were designed to investigate
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the influence of dietary protein and the gastrointestinal flora on 
nitrate and NERO excretion in the urine of the rat.
It was postulated that diets containing protein in excess of requirements 
or an imbalance of amino acids, would give rise to greater amounts of 
nitrogenous end products of amino acid catabolism than well-balanced, 
marginally adequate diets. These end products might, with or without 
intervention by the alimentary tract flora, provide material for synthesis 
of nitrate and hence of N-nitroso compounds.
4.4.2. EXPERIMENTAL PROTOCOL
(a) Influence of the Quantity of Dietary Protein on Nitrate and NERO
Excretion in GF, GN and CV fl ats 
In experiment i, four male and 4 female, 5 week old, GN Wistar rats of 
the Porton strain, contaminated by 3 unidentified bacteria which did not 
grow at physiological temperature, and 3 'male and 5 female CV counterparts 
ate a 20% lactalbumin or 5% lactalbiimin diet (Appendix 1 .8 ) containing 
1% Lrproline and drank double distilled water for 3 weeks. Urine was 
collected daily in 5 mis IM NaOH over the final 7 day period and its 
nitrate content assessed at the British Industrial BiologicalR esearch 
Association using an E. coli reduction method (Bartholomew, 1984). NPRO 
was quantitated as outlined previously (pp. 85-87). The nitrite and 
nitrate content of the diets were determined as outlined on pp. 84-85.
In experiment ii, four male and 4 female GF Fischer rats, 6  weeks of age,
and their CV counterparts followed the same dietary regime and nitrate 
and NIRO excretion in urine was assessed as before.
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(b) Influence of the Quality of Dietary Protein on Nitrate and NERO 
Excretion in GF and CV Rats
Sesame meal was chosen as representative of an amino acid imbalance since 
its protein is readily digested but is deficient in lysine (Table 4.5.10.) 
The diet contained 10% sesame meal, providing 6 % protein, an amount 
estimated to marginally satisfy the requirements of the growing rat 
when supplemented with 0.18% L-lysine as L-lysine HCl. Five male and 
3 female GF Fischer rats, 5 weeks of age, and their CV counterparts ate 
a 1 0 % sesame meal diet containing 1 % L-proline with or without 0.18% 
L-lysine (Appendix 1.9.) for 3 weeks. Urine was collected and nitrate 
and NRl O quantitated as outlined previously. The nitrite and nitrate 
content of the diets were determined as described previously.
(c) Influence of the Quantity of D ietary Protein on the Stomach pH and 
Formation of NDMA by .Stomach Contents of GF and CV R ats
This experiment was performed in order to determine whether the quantity 
of dietary protein ingested could modify the pH and capacity for N- 
nitrosation in the stomachs of GF and CV rats. Four male and 4 female 
GF Fischer rats, 5 weeks old, and their CV counterparts ate a 20% 
lactalbumin or 5 % lactalbumin diet and drank double distilled water for 
3 weeks. The rats were then killed by cervical dislocation, the stomach 
contents collected, and the pH and NDMA formation assessed as outlined 
on p. 125.
(d) Influence of Purified Lactalbumin Diets and a Commercial Pelleted 
Diet on the Scavenging of Nitrite in a Simulated Rat Stomach Model
This experiment was performed in order to determine whether a purified
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protein diet affected the availability of nitrite in the rat stomach 
compared to a commercial pelleted diet. Two grams of 5% or 20% lactalbumin 
diet or of a commercial pelleted diet (E.Dixon & Sons) were suspended 
in 5 mis O.lM citrate buffer, pH 4.0, 0.01 mmol NaNO2  added and the 
suspension incubated for 2 hours at 37°C with constant shaking. At the 
end of the incubation period, the suspension was shaken with 1 0  mis 
distilled water, centrifuged and the nitrite content of the supernatant 
assayed as outlined on pp. 82-83.
4 .4 . 3 . R ESULTS
Food and water intake values are given in Tables 4.4.1.-4.4.3. Due to 
losses unavoidably occurring through spillage during the course of the 
experiments, this data has been included only as an indication of 
consumption patterns rather than as absolute values. Rats in both 
environments drank more water when fed a 2 0 % lactalbumin diet compared 
to one containing 5% lactalbumin and in all cases except one, GN and GF 
rats drank more than CV rats which is in accord with Kellogg et al. (1959).
On a sesame meal diet, CV rats drank more than GF rats and rats on the 
balanced diet drank more than those on the imbalanced diet. The same 
occurred for food consumption. CV rats on the 20% lactalbùmin diet gained 
more weight than those on the 5% lactalbumin diet as did rats on the 
lysine-supplemented sesame meal diet compared to those on the unsupplemented 
diet. Because the isolators did not contain any balances,*the body weights, 
of GF rats were not recorded. No nitrite was detected in any of the diets 
and their nitrate content is given in Table 44 .4.
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(a) Influence of the Quantity of Protein on Nitrate and NERO Excretion 
in GN, GF and CVR ats
In the first experiment, the rats, initially GF, became contaminated with 
3 unidentified bacterial species. Nitrate excretion occurred to a similar 
extent in both GN and CV environments but was significantly higher on the 
20% lactalbumin diet (Table 4.4.5.).The 20% protein diet significantly 
increased nitrate excretion more in GN than in CV rats when compared to 
rats on the 5% protein diet. NPRO excretion, which was very low, was 
increased in rats on the 20% protein diet and was higher in CV rats oh 
both diets.
In the second experiment, the rats remained GF and nitrate excretion was 
significantly higher in the GF environment and in rats on the 20% protein
diet (Table 4.4.6.). This diet again increased nitrate excretion more in
GF rats than in CV rats when compared to rats on the 5% protein diet. On 
this occasion, no significant effect of environment on NER 0 excretion was 
observed but the 2 0 % protein diet significantly increased it when compared 
to the 5% diet.
(b) Influence of the Quality of Dietary Protein on Nitrate and NPRO 
Excretion in GF and CV Rats
Nitrate excretion in GF and CV rats was not significantly different in 
rats fed a balanced sesame protein diet compared to those receiving the 
diet without a lysine supplement nor was an effect of environment 
observed (Table 4. .4.7.). On the imbalanced diet, CV rats excreted 192 fig 
nitrate per day more than their GF counterparts whereas, on the balanced 
diet, GF rats excreted only slightly more than CV rats. However, the
least significant difference between means for nitrate excretion was
calculated to be 396 jig per day.
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NFRp excretion was not significantly altered by diet or environment, but 
in CV rats on the balanced diet, NIRO excretion was significantly increased 
to a greater extent than in GF rats when compared to rats fed the 
imbalanced diet. On the balanced diet, CV rats excreted 14 ngNE^O per 
day more than their GF counterparts. This difference just failed to be 
significant as the least significant difference in excretion was calculated , 
to be 16 ng per day.
(c) Influence of the Quantity of D ietary Protein on the Stomach pH and 
In Vitro Formation of NDMA by Stomach Contents of GF and CV R ats
No significant differences were observed either in stomach pH or NDMA 
formation in stomach contents between GF and CV rats fed a 5% or 20% 
lactalbumin diet (Table 4.4.8.).
(d) Influence of Purified Lactalbumin D iets and a Commercial Pelleted 
D let on Nitrite Scavenging in a Simulated#at Stomach Model
The recovery of added nitrite from a suspension of a commercial pelleted 
diet was significantly lower than that from the purified diets (Table 4.4.9.) 
but although less nitrite was recovered from the purified diets compared 
to the blank, the differences were not significant.
4.4.4. DISCUSSION
The higher intake of water by rats fed a 20% lactalbumin diet compared
to a 5% lactalbumin diet is probably a response to the need for the
kidneys of rats on the high protein diet to clear more urea and other
nitrogenous compounds from plasma. Urinary excretion in these rats,
although not measured, was visibly higher (urine volume plus washings measured)
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Seney and Wright (1985) have reported a higher glomerular filtration rate 
in rats fed a 40% casein diet compared to rats on a 6 % diet.
CV rats gained more weight when fed the 20% protein diet and there were no 
differences in food consumption between any experimental GF, GN or CV 
rats. A similar result has been obtained by Yamanaka and Nomura (1980) 
in GF and CV rats fed purified egg protein diets. These observations 
are not in accord with the data of Kellogg et al. (1969) as they found 
that GF rats fed a natural ingredient diet ate more than their CV 
counterparts. This reduced food intake of the GF rat may be the result 
of a better utilisation of the purified diet than the natural ingredient 
diet.
CV rats on the balanced sesame protein diet gained more weight than those 
fed the imbalanced diet. This is to be expected, as the lysine- supplement 
resulted in a protein of higher quality than in the imbalanced protein 
diet. GF rats on both diets ate and drank less than their CV controls.
The reason for this is not clear.
In the first experiment with the lactalbumin diets, contamination of the 
isolator was thought to have occurred due to the incomplete sterilisation of 
drinking water. As the 3 species isolated did not grow well in vitro at 
37°C it was concluded that they were only transients and as such would 
not be involved in in vivo metabolic processes. However the results of 
this experiment were not all confirmed in the subsequent one in which 
the rats remained GF throughout the experimental period, nitrate 
excretion being similar in both environments and NER O excretion higher
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in the CV environment. The quantities of NP&0 excreted were also very low 
and the significant differences in excretion calculated may bè fortuitous. 
Nevertheless, the results of the first experiment were included because 
they do support the hypothesis that nitrate and apparently NPAO excretion 
in the rat is increased as a result of increased dietary-protein intake.
An analysis of the protein diets revealed that nitrate was present at a : 
maximum concentration of 1.1 jig g~^ and no nitrite was detected (Table 4.4.4.) 
From the food consumption data and urinary excretion results, it is clear 
that all rats excreted far more nitrate in urine than was ingested in the 
food. The nitrate and nitrite content of the double distilled drinking 
water was zero and the excess nitrate excretion could not have come from ’ 
this source. The excretion of nitrate in excess of dietary intake is 
further confirmation that endogenous synthesis of nitrate can occur. As 
all rats on the 2 0 % lactalbumin diet excreted more nitrate in urine 
than those on the 5% lactalbumin diet, the nitrate appears to be derived 
from protein nitrogen. That GF rats had the ability to excrete more 
nitrate in excess of intake also confirms the suggestion that the gut 
flora is not essential for the endogenous synthesis of nitrate (Green et 
al., 1981/ Witter et al., 1981).
The experiments of Saul et al. (1984) demonstrated that CV rats excreted 
higher quantities of nitrate in urine when fed NH^Cl. Ingestion of CCl. 
or injection of E. coli lipopolysaccharide also increased nitrate 
excretion and led to the suggestion that active oxygen species e.g. the 
hydroxyl radical produced by the activated reticuloendothelial system of 
the rat may be converting NH3 into nitrate (Saul et al., 1984/ Wagner,
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Young & Tannenbaum, 1983). It has also been reported"that the in vitro 
co-oxidation of NHg to nitrite occurred during the aerobic xanthine 
oxidase reaction and a free radical mechanism of formation was also 
postulated (Nagano & Fridovich, 19 85). In the CV rat, NH3 is produced 
by bacterial hydrolysis of urea but in the GF rat no such reaction can 
occur and the most likely source of NH3 in the GF rat would be the urea 
cycle. The higher excretion of nitrate in GF rats observed here and also 
reported by Witter et al. (1981), suggests that either the formation and/ 
or oxidation of NH^ to an intermediate is not the rate-limiting step 
in nitrate synthesis in vivo or the gastrointestinal flora is reducing 
some of the nitrate synthesised. The second hypothesis is supported by 
the observation that the 2 0 % lactalbumin diet significantly increased 
nitrate excretion more in GF rats than in their CV counterparts when 
compared to rats on the 5% lactalbumin diet. Urea cycle enzymes in GF 
mice were found to have similar activities to those in CV mice (Saheki, 
Ueda, Hosoya, Katsunuma, Ohnishi et al., 1980) and thus a greater 
activity of the urea cycle is probably not a factor in the higher excretion 
of nitrate by GF rats.
Experiments with sesame protein diets did not statistically bear out the 
hypothesis that nitrate excretion would be increased by feeding an 
imbalanced protein compared to a complete one. Large variations in 
nitrate excretion between individuals on the same diet occurred, but from 
the quantities of nitrate excreted, there is a suggestion that surplus 
amino acids from feeding the imbalanced protein diet was more readily 
converted to nitrate in the CV rat. In fact, the average excretion of 
nitrate in the CV rat fed the unsupplemented diet was similar to that in
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rats receiving the lysine supplement in the diet,. suggesting that in 
this instance, the activity of- the gastrointestinal flora may -potentiate 
the eventual synthesis of nitrate from unused amino acids. On the 
balanced protein diet, GF rats had a marginally higher excretion of 
nitrate than CV rats. It is therefore possible that the influence of the 
gastrointestinal flora on nitrate synthesis is offset by its degradative 
action on nitrate formed, thus resulting in a net negative or zero effect.
The excretion of NPRO occurred to a greater extent in rats fed a 20% 
lactalbumin diet compared to a 5% lactalbumin diet but no significant 
effect of the gut flora was observed. This result is in direct 
contradiction to the results demonstrating the catalytic effect of the 
gastrointestinal flora on N-nitrosation in vivo and in vitro presented 
in Section 4.3. Neither the quantity of protein fed nor the presence of 
a gastrointestinal flora had any effect on the stomach pH or the in vitro 
formation of NDMA by stomach contents of rats fed the lactalbumin diets 
(Table 4 .4 .8 .). The commercial diet used in experiments demonstrating the 
catalytic role of the gastrointestinal flora scavenged nitrite in solution 
more effectively than either of the protein diets (Table 4.4.9. ) .
Although the comparison is not strictly valid as they were performed on 
different occasions, the in vitro formation of NDMA in stomach contents 
of GF and ;CV rats was greater in rats fed the commercial diet than in 
those fed the purified diets (Tables 4.3.3. & 4.4.8.). The lactalbumin 
diets contained no added fibre.and it might be that microbial fermentation 
of indigestible carbohydrate is of importance in the in vivo formation of 
N-nitroso compounds. However, although the role of the flora in the in
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vivo formation of N-nitroso compounds in rats fed a fibre-free diet is 
unclear, there is no doubt that the protein content of the diet does 
have an influence on their formation.
As with the lactalbumin diets, no differences in NPRO excretion were 
observed between GF and CV rats fed the sesame protein diets. Lysine 
supplementation did not significantly affect NPRO excretion overall, but 
in the CV rat, increased it significantly more than in GF rats compared 
to rats fed the imbalanced diet. This suggests that the lysine supplement 
may-have increased the nitrate reductase activity of the microbial flora.
The experiments reported here show that the endogenous synthesis of nitrate 
occurs in the rat and both nitrate and N-nitrosamine synthesis is increased 
by increasing the dietary protein intake. The gastrointestinal flora 
apparently degrades some of the endogenously synthesised nitrate. The 
pathway by which nitrate synthesis occurs is still not certain and 
experiments using isotopically-labelled ^^N are planned which it is hoped 
will in some measure clarify the situation.
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. T a b l e  4 . 4 . 1 .
Food arid Water Consumption of Gnotobiotic (GN) and 
Conventional (CV) Wistar Rats Fed Lactalbumin Diets
Diet Daily Food Consumption (g)
Daily Water 
■ Intake (mis)
% Wt Gain 
of CV Rat
GN CV GN CV
5% Protein 12.5 11.5 2 1 . 1 19.7 40
20% Protein 13.4 1 1 . 0 27.8 37.9 6 6
Table 4.4.2.
Food and Water Consumption of Germfree (GF) and 
Conventional (CV) Fischer Rats Fed Lactalbumin Diets
Diet Daily Food 
Consumption (g)
Daily Water 
Intake (mis)
% Wt Gain 
of CV Rat
GF CV GF CV
5% Protein 17.6 ; 17.7 23.8 19.2 : : 28
20% Protein 15.3 16.0 28.5 23.0 -38 . '
Table 4.4.3.
Food and Water Consumption of Germfree (GF) and 
Conventional ( CV) Fischer Rats Fed Sesame Meai Diets
Diet Daily Food 
Consumption (g)
Daily Water 
Intake (mis)
% Wt Gain 
of CV Rat
GF CV GF CV
No Added Lysine 8.4 10:5 8 .Ô 12.4 14 ■
0.18% Added Lysine 6.5 7.0 6 .0 8 . 1 23
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T a b l e  4 . 4 . 4 .
Nitrate Content of Lactalbumin and Sesame Meal Diets
Diet Nitrate (jj.g g
5% Lactalbumin 0.4 ± 0.1
20% Lactalbumin 1 . 1  ± 0 . 0
10% Sesame Meal ; 1 . 1  ± 0 . 1
10% Sesame Meal
1 . 1  - 0 . 2
0.18% Lysine
Values represent Means - S.E.M. of 2 determinations. 
No nitrite was detected in any of the samples.
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T a b l e  4 . 4 . 5 .
I n f l u e n c e  o f  t h e  Q u a n t i t y  o f D i e t a r y  P r o t e i n  o n  N i t r a t e  a n d
N Ï R  O  E x c r e t i o n  i n  U r i n e  o f  G n o t o b i o t i c  ( G N ) . a n d  C o n v e n t i o n a l  ( C V )
W i s t a r ÇL a t s  F e d  a  L a c t a l b u m i n  D i e t
Status Nitrate (p-g day“|) NPRO (ng day )^
•H
o\o (U 
LO
GN '129-2 ^ 2 1 . 6 : : 1 - 0
0
s CV 160.0 - 16.8 : 3 ± 1
c
o'? -H GN 239.2 - 14.7 - 3 ± 1 / :
O  CD 
CN
OW CV 238.0 i 49.0 1 0 - 3
&
cn 0) 
•H u cn c44 rc3 
r4 0 -H 
fC3 U
< >
Environment NS KO. 05
J) iet P<0.01 P<0.05
Interaction P<0,.05 NS
Values represent Means - S.E.M. for 4 rats. 
NS = Not significant.
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T a b l e  4 . 4 . 5 .
I n f l u e n c e  o f  t h e  Q u a n t i t y  o f D  i e t a r y  P r o t e i n  o n  N i t r a t e  a n d
N F K O  E x c r é t i o n  i n  U r i n e  o f  G e r m f r e e  ( G F )  a n d  C o n v e n t i o n a l  ( C V )
F i s c h e r R a t s  F e d  a  L a c t a l b u m i n  ©  i e t
Status
_ 1
Nitrate (pg day ) NR 0  (ng day*”^ )
c
•H GF 279.5 ±47.0 2 1  ± 2
o\o 0
IT) 4J
CV . 1-22.7 ±53.4 23 ± 2
G
•H
àP 0 
O  -P GF 609.9 ± 174.3 41 - 2
CN 0
s CV 347.7 ± 158.5 / 44 ± 4
U) 0 Environment P<0.01 NS
•H O
U: C
44 fd D iet P-cO.Ol P<0.01 .
fd >4 *
B  I?<  > Interaction KO.Ol NS
Values represent Means 3: s.E.M. for 4 rats 
NS = Not significant
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T a b l e  4 . 4 . 7 .
I n f l u e n c e  o f  t h e  Q u a l i t y  o f  D i e t a r y  P r o t e i n  o n  N i t r a t e  a n d
N P R O  E x c r e t i o n  i n  U r i n e  o f  G e r m f r e e  ( G F )  a n d  C o n v e n t i o n a l  ( C V )
F i s c h e r  R a t s  F e d  a  S e s a m e  M e a l D  i e t
Status
^ g0 -H O W
CD
o\o 'C Ü 
00 0 -H 
•<-4 13 CO
&
GF
CV
GF
CV
Nitrate (pg day )^
432.2 ±119.6
623.9 ± 141.1
607.0 ± 140.1
550.1 - 27.3
NIRO (ng day"l)
45 ± 3
41 - 8
55 ± 4
CO CD
*H U
CO C
>1 44 fO
-H 0 •H
1
54
>
Environment 
D iet 
Interaction
NS
NS
NS
NS
NS
P<0.05
Values represent Means - S.E.M. for 4 rats 
NS = Not significant
Least significant difference for nitrate excretion = 395.9 pg 
Least significant difference for NPRO excretion = 16 ng
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T a b l e  4 . 4 . 8 .  ,
Influence of the Quantity of Dietary Protein on the Stomach pH 
and In vitro Formation of NDMAby Stomach Contents of Germfree 
(GF) and Conventional (CV) Fischer R ats Fed a Lactalbumin D iet
pH
Status Forestomach Glandular Stomach
•H
eo\o -P in 0  
pcu
GF 3.7 ±0.6 
2.9 ±0.4
2 . 6  ± 0 . 1  
2 . 6  ± 0 . 1
G•Ho\o 0  
O 4J CN 0 
P &
GF : 
CV
3S ±0.4 
3.6 ± 0.3
' 4- :
2 . 6  - 0 . 1
2 . 6  ± 0 . 1
NOMA (pmol)
Status Forestomach Glandular Stomach
G•H
0  
-P in 0
a
GF
C V
1.7 ±0.9
1.7 ± :0,5
2.3 ±0.3 
2 . 0  ±0.7
G*Ho\o 0  O 4-) <N 0  
P 
&
c
CV
1.7 ±1.1 
1 . 0  ± 0 . 2
3.1 ± 0.6 
3.3 ± 0.6
Values represent Means ± S.E.M. for 4 rats.
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T a b l e  4 . 4 . 9 . ,
Influence of Lactalbumin Olets and a Commercial Pelleted Diet 
on the Scavenging of Nitrite in a Simulated R at Stomach Model
Diet % Recovery of Nitrite ;
5% Lactalbumin 89 ± 4
20% Lactalbumin 87:^ 2
:, V *  '
Commercial 65 ± 1
Blank 1 0 2  - A
Values represent Means ± S.E.M. of 3 determinations. 
Significantly different from blank at P<0.05 by analysis of 
variance.
Least significance difference = 15%
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4.5. INHIBITION OF N-NITROSATION BY d i e t a r y LIPIDS
4.5.1. INTRODUCTION
Various reports in the literature have indicated that dietary constituents 
can inhibit the N-nitrosation reaction in vitro and in vivo (e.g. Kurechi, 
Kikugawa, Fukuda & Hasunuma, 1981/ Pignatelli, Scriban, Descotes & Bartsch, 
1983 ; Rubenchik et al. 1985). Kato and Kikugawa (1984) demonstrated that 
the methyl esters of unsaturated fatty acids inhibited the in vitro 
formation of NDMA, the extent of inhibition increasing with increasing 
unsaturation of the fatty acid. It has also been shown (Mallett et al., 
1984) that a dietary fat intake alters both the caecal bacterial 
population of the rat and its metabolic activity and it is known that GF 
rat tissues are higher in unsaturated lipids than those of the CV rat 
(p. 17) . The experiments reported here were performed in order to 
investigate the influence of some dietary fats on N-nitrosation in vitro 
and in the rat in vivo and to attempt to elucidate the mechanism of 
inhibition in vivo.
4.5.2. EXPERIMENTAL PROTOCOL 
Inhibition of N-nitrosation
(a) In Vitro Experiments with Fats and Fatty Acids
These experiments were performed in order to investigate a possible 
inhibitory effect of various lipids on N-nitrosation in vitro and to 
correlate fatty acid chain length and degree of unsaturation with any 
inhibitory effect seen.
Heterogenous systems containing 0.01 mmol each of amidopyrin and NaN0 2  
to 1 g fat or 2 mmol fatty acid methyl ester were incubated in 6  mis 
O.lM citrate buffer, pH 4.0, at 25°C or 37°c for 4 hours with constant
- 1 5 9 -
shaking.. The reaction was terminated by the addition of excess sulphamic 
acid, the samples extracted with 2 x 10 mis CHCI3 and the extracts made 
up to 25 mis. Quantitation of the NDMA present was performed on a gas- 
liquid chromatograph coupled to a thermal energy analyser as outlined 
on p. 8 8 .
(b) In Vivo Experiments in CV R ats
CV rats were fed diets containing various fats to determine whether the 
inhibition of N-nitrosation observed in vitro could likewise occur in 
vivo. In experiments i and ii, groups of 4 male, CV Wistar rats, 4 weeks 
old, ate a commercial powdered diet (LAD-2, K.s K. Greeff) containing 
1% w/w L-proline with or without 10% w/w added fat and drank a solution 
of 2% NaNOg for a period of 3 weeks. Urine was collected in 5 mis IM 
NaOH over the final 24 hours and analysed for NPRO as outlined on pp. 85- 
87. In a third experiment, groups of 4 male, CV Wistar rats, 4 weeks old, 
ate a purified casein diet (l^pendix 1 .1 0 ) with or without 1 0 % added fat
daily
in 5 mis IM NaOH over the final 7 days and analysed for NPRO.
and drank a solution of 2% NaNO^ for 3 weeks. Urine was collected
(c) Comparative Experiments in GF, GN and CV Rats
As a result of the biohydrogenating activity of the gastrointestinal • 
flora, CV rats have a lower content of unsaturated tissue lipids. These 
experiments were done in order to investigate whether the pattern of 
fat-inhibited N-nitrosation was different in the GF rat compared to the 
CV rat. In experiment i, 4 male and 4 female GF Lister Hooded rats, 5 
weeks old, and their CV counterparts ate a purified casein diet 
(Appendix 1.10) with or without 10% added fat and drank a solution of
— 1 5 0 —
2% NaNO^ for 3 weeks. Urine was collected daily in 5 mis IM NaOH over 
the final 7 days and analysed for NPRO. In the second experiment, 3 male 
and 3 female, 5 week old, GN Lister Hooded rats, monocontaminated with 
an unidentified yeast and their CV counterparts consumed the same diet 
and NaNOg solution as in the first experiment and urine was collected 
and analysed for NPRO.
(d) Influence of Added Proline on the In Vivo Formation of NPRO in CV 
Rats Fed Casein Diets 
The proline content of casein is much higher than that of other proteins 
(Table 4.5.16.) and it was thought that rats fed diets containing casein 
as the protein source would not need to be supplemented with proline in 
order to excrete a measurable quantity of NPRO in urine. However, the 
excretion of NPRO was relatively low and in some experiments, NPRO was 
not detected in urine. This experiment was performed in order to determine 
whether the addition of proline to the casein diets would increase the 
excretion of NPRO in rats fed these diets compared to those eating diets 
containing no added proline.
Groups of 1 male and 1 female, CV Lister Hooded rats, 8 weeks old, ate 
a purified casein diet (Appendix 1.10.) with or without 1% added proline 
and with or without 10% added butterfat and drank a solution of 2% NaNO^ 
for 3 weeks. Urine was collected daily in 5 mis IM NaOH for 4 days and 
its NPRO content determined.
Studies on the Mechanism of Inhibition of N-Nitrosation by Butterfat 
Butterfat was found to cause the greatest inhibition of N-nitrosation
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bo th in vitro and in vivo and its inhibitory action could not be 
explained by its degree of unsaturation which was low'compared to some 
other dietary fats tested. The studies reported here were performed in 
an effort to, elucidate how butterfat exerts its inhibitory action in vivo.
(a) Influence of Butterfat on the Excretion of NPRO in the CV R at 
The inhibitory effect of butterfat seen could have been due to the 
retarded excretion of NPRO rather than a genuine inhibition of NPRO 
formation in vivo. To examine this possibility, 2 groups of 4 male, CV 
Wistar rats of the Porton strain, 4 weeks of age, ate a commercial 
powdered diet (LAD-2) with or without 10% added butterfat and drank tap 
water for 2 weeks. At the end of the feeding period, the rats were given 
a single dose of 10 mg NPRO in 1 ml distilled water by gavage and urine 
and faeces collected for 24 hours in 5 mis IM NaOH. The NPRO content of 
   .
(b) In Vitro Experiments With Stomach Contents of Butterfat-fed and Low 
Fat-fed CV R ats
The inhibition of N-nitrosation by butterfat was observed in vitro at 
acid pH and this experiment was performed in order to determine whether 
the inhibitory/effect seen in vivo may be occurring in the stomach contents 
of the rat also. Two groups of. 5 male and 5 female CV Lister Hooded rats,
6 weeks old, ate a purified casein diet (Appendix 1.10  ^ with or without 
10% added-btitterfat for 2 weeks and drank tap water. At the end of the 
feeding period, the rats were killed by cervical dislocation, the stomach 
contents collected, and the pH and NdMA formation in vitro assessed as 
outlined on p. 125.
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(c) Influence of Low and High Fat Diets on the Scavenging of Nitrite in 
a Simulated Rat Stomach Model
This experiment was performed in order to determine whether the 
inhibitory effect of dietary fats on in vivo N-nitrosation may-have been 
due to the binding of nitrite in the rat stomach by the high fat diets.
Two grams of low or 10% added fat diet were suspended in 5 mis O.lM 
citrate buffer, pH 4.0, 0.01 mmol NaN0 2  added and the suspension incubated 
for 2 hours at 37°C with constant shaking. At the end of the incubation 
period, the suspension was shaken with 1 0  mis distilled water, centrifuged, 
and the supernatant assayed for nitrite as outlined previously (pp. 82-83) .
(d) Influence of Butterfat on Nitrate Reductase Activity in the Whole 
Stomach and Small Intestine of the CV Rat
Butterfat may have exerted its inhibitory action on in vivo N-nitrosation 
by influencing the reduction of ingested nitrate to nitrite in the 
stomach and small intestine, regions of the rat gastrointestinal tract 
which have been shown to exhibit nitrate reductase activity (p. 106).
Groups of 12 male, CV Wistar rats of the Porton strain, 6  weeks old, ate 
a casein diet with or without 1 0 % added butterfat for 2  weeks and drank 
a solution of 2% NaNOg. At the end of the feeding period, the rats were 
killed by cervical dislocation, the whole stomachs plus contents removed 
and homogenised in 15 mis of either cold O.lM citrate buffer, pH 4.0, or 
cold Krebs-Ringer phosphate buffer, pH 7.4, each containing 2% w/v NaNO^. 
Two - buffers differing in pH value'wereused to assess the contributions 
rnade' by mammalian and microbial enzyme systems to the nitrate reductase 
activity in the stomach.
Small intestinal, samples, 16 cms long measured from the pylorus, were also
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homogenised in 15 mis cold Krebs-Ringer phosphate buffer, pH 7.4, 
containing 2% w/v NaNOg. One ml aliquots were taken from each homogenate 
for immediate nitrite analysis and the remainder incubated anaerobically 
for 24 hours at 37 C. At the end of the incubation period, small intestinal 
samples were diluted to 50 mis with distilled water and all samples were 
analysed for their nitrite content as outlined previously.
4.5.3. RESULTS
(a) Inhibition of N-Nitrosation In Vitro and In Vivo
With the exception of coconut oil, which increased the formation, all 
the dietary fats tested inhibited the in vitro formation of NOMA by 
amidopyrin and nitrite (Table 4.5.1.). The inhibitory effect increased 
with increasing unsaturation of the constituent fatty acids, but.bùtterfat, 
which consists largely of saturated fatty acids (Table 4.5.13) showed by 
far the greatest inhibition. The influence of unsaturation on inhibition 
was also observed using pure methyl esters of fatty acids but the fatty 
acid chain length did not contribute to the inhibitory effect (Table 4.5.2.)
Similar results were obtained in vivo in CV rats fed diets containing 10% 
added fat, butterfat again having the greatest inhibitory effect 
(Table 4.5.4.). In vivo however, coconut oil had an inhibitory effect on 
N-nitrosation which was somewhat greater than that of olive oil. Food and 
liquid consumption data are presented in Table 4.5.3. Because of the 
frequent spillage of diet and nitrate solution, no attempt was made to 
statistically analyse the data. It would appear that on the purified 
casein diet, coconut oil and maize oil supported the growth of rats to 
a lesser extent than that of the other fats, rats on the coconut oil
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diet having gained less Weight than those on the low fat diet (Table 4.5.3.) 
Rats on the basal commercial diet gained more weight than those on the 
fat-supplemented commercial diets and with both purified and commercial 
diets, bùtterfat-fed rats gained more weight than rats fed any of the 
other diets.
Rats on the commercial diet apparently drank more than those on the 
purified diet, but, as these experiments were not performed at the same 
time, they are not strictly comparable (Table 4.5.3.)
In comparative experiments between GF, GN and CV rats, much lower quantities 
of NPRO were excreted in urine compared to the previous experiments in 
CV rats, no NPRO being detected in some of the samples (Table 4.5.6.) . 
Butterfat proved to be most inhibitory-to N-nitrosation both in GF and 
CV rats. A greater inhibitory effect was seen for maize oil in GF 
compared to CV rats and also, to a lesser extent:, for coconut oil. On the 
low fat diet, NPRO excretion in GF and CV rats appeared to be similar.
As there were only 2 rats in each group, a statistical analysis of the 
data was not done. Food consumption was similar in GF, GN and CV 
environments, but the liquid intake was slightly lower in the CV 
environment (Table 4.5.5.).
The addition of 1% proline to the casein diet resulted in a huge increase 
in NPRO excretion in both low fat-fed and butter fat-fed rats and again, 
excretion was lower in butterfat-fed rats compared to low fat-fed rats 
(Table 4.5.7.).
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(b) Studies on the Mechanism of Inhibition by Butterfat 
Oral dosing of low fat-fed and butterfat-fed CV rats with NPRO resulted 
in a somewhat higher faecal excretion, slightly lower urinary excretion 
and a marginally higher total excretion of NPRO over 24 hours in 
butterfat-fed rats but the differences were not significant (Table 4.5.8.). 
Neither the pH of stomach contents nor its ability to form NDMA from 
amidopyrin and nitrite was significantly altered by feeding rats a 
butterfat diet compared to a low fat diet (Table 4.5.9.). Under 
simulated rat stomach conditions, fat diets significantly decreased 
nitrite concentration in solution when compared to a low fat diet 
(Table 4.5.10.).
In CV rats given nitrate to drink, nitrite was detected in 2 out of 12 
homogenised stomach samples from rats fed a low fat diet and none from, 
those of a similar number of butterfat-fed rats. In none of the rats was 
nitrite detected in small intestinal homogenates (Table 4.5.11.).
Incubation of stomach homogenates from low fat-fed or butterfat-fed rats
with 2% NaNO. at either pH 4.0 or pH 7.4 resulted in detectable nitrite
■■ "  ■
only in those samples from low fat-fed rats incubated at pH 7.4 (Table 4.5.12.) 
Nitrite formation in incubates of small intestinal homogenates was also 
greater in low fat-fed rats but the difference was not statistically 
significant (Table 4.5.12.). As reported earlier in this thesis(p. 106), 
the nitrate reducing activity of the small intestine was found to be very 
much higher than in the stomach.
4.5.4. DISCUSSION
The in vitro inhibition of N-nitrosation by dietary fats containing
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unsaturated fatty acids and by fatty acid methyl esters confirmed the 
results of Kato et al. (1984) who also demonstrated that methyl linoleate 
was converted into unstable peroxides, possibly via the hydroperoxide, 
by nitrous acid. This reaction of nitrous acid with the olefinic bonds 
of unsaturated fatty acids may occur more readily than its reaction With 
amines and would explain the inhibitory effect seen. However, butterfat, 
which contains mainly saturated short chain fatty acids (Table 4.5.13.), 
inhibited N-nitrosation to a greater extent than the unsaturated fats, 
suggesting that the degree of fatty acid unsaturation is not the only 
explanation for the inhibitory effect.
In contrast, coconut oil, also consisting mainly of saturated short chain 
fatty acids increased N-nitrosation in vitro. Furthermore, the chain 
length of saturated fatty acid, methyl esters did not influence the 
N-nitrosation, all the esters promoting nitrosamine formation. These 
results are in keeping with the fact that N-nitrosation is enhanced in 
an Vinert" lipid phase (Massey, Crews,Davies & McWeeney, 1979). The 
content of ©(-tocopherol (a known inhibitor of the N-nitrosation reaction) 
in butterfat is much less than that in the fats containing unsaturated 
fatty acids (Table 4.5.15.) and so w ould not account for the strong 
inhibitory effect of butterfat observed.
In the CV rat fed diets containing 10% added fat, butterfat was again the 
most inhibitory of the fats tested, but coconut oil also inhibited the 
N-nitrosation reaction, a greater effect than that of olive oil being 
observed. Although the influence of fatty acid unsaturation was also 
observed in vivo, the results for the 2 fats consisting of mainly
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of saturated fatty acids suggest that the reaction of nitrous acid with 
unsaturated bonds is not the predoniina.nt mechanism of inhibition in vivo. 
Safflower oil proved more inhibitory than maize oil both in vitro and in 
vivo. Their constituent fatty acids are unsaturated to a similar extent; 
(Table 4.5.14.) but the ot-tocopherol content of safflower oil is much 
higher (Table 4.5.15.) suggestion that in this case, its x-tocopherol 
content is potentiating the inhibitory effect of safflower oil.
Comparative studies in GF, GN and CV rats appeared to follow the same 
trend observed in previous experiments although, due to the absence of 
detectable NPRO in many of the urine samples, no firm conclusions could 
be reached. However, the results for maize oil suggest that its 
unsaturated fatty acid components do inhibit N-nitrosation in vivo. In 
the CV rat, the intestinal flora may be potentially hydrogenating these 
unsaturated fatty acids, as in the GF rats fed the maize oil diets, NPRO 
excretion w as decreased to a greater extent than in CV rats when compared 
to their low fat-fed controls (Table 4.5.6.). A similar but much less 
marked effect was also observed for coconut oil-fed rats. Butterfat on 
the other hand, completely suppressed NPRO excretion in both GF and CV 
rats. These experiments will be repeated as more GF rats become available.
It must be mentioned that there did not appear to be any significant 
differences in NPyRO excretion in low fat-fed GF and CV rats. As the diets 
contained no added fibre, these results in conjunction with those reported 
previously in rats fed the lactalbumin diets (p. 153) and commercial 
pelleted diet (p. 133) suggest that the addition of fibre to the diet may 
increase N-nitroso compound formation in vivo.
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Casein is a well digested protein, but the low excretion of NP/?0 by rats 
fed a casein diet unsupplemented with proline suggests that very little 
free proline was available for N-nitrosation . It may, however, have 
been present in the form of peptides and the method of N-nitroso compound 
analysis used is not applicable to the determination of N-nitrosopeptides 
largely because of their non-volatile nature.
In investigating the mechanism of inhibition of N-nitrosation by butterfat, 
its effect on the excretion of preformed NPRO was investigated as it has 
been reported that the absorption of NDMA from the intestinal tract
of the rat, measured indirectly by ^^C0 2  production, was retarded when 
the dose was administered as a maize oil solution compared to an isotonic 
saline solution (Agrelo, Phillips, Lake, Longland & Gangolli, 1978). The 
time course of excretion was 4 hours in rats given the saline solution 
and 6 hours in rats dosed with the maize oil solution. In vitro absorption 
experiments were also performed over 20 minutes. In the experiment reported 
here, NPRO excretion was similar in both butterfat-fed and low fat fed 
rats over the 24hour period subsequent to administration of a single 
dose of NPRO. The use of NPRO in absorption studies is more advantageous 
than that of NDMA as it has been shown to be excreted quantitatively in 
urine and faeces (Chu et al. 1981/Dailey et al. 1975) unlike NOMA which 
is rapidly metabolised.
Butterfat had no significant effect on the pH of stomach contents of the 
rat or their NDMA-forming ability (Table 4.5.9.) but diets incorporating 
all the fats tested in vivo significantly decreased the recovery of 
nitrite in a simulated rat stomach model compared to a low fat diet
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presumably by the same mechanism by which N-nitrosation was inhibited 
in vitro.
The detection of nitrite in whole stomach homogenates of 2 out of 12 low 
fat-fed rats given nitrate to drink and none in those of butterfat-fed 
rats suggeststhat butterfat is exerting its inhibitory effect on 
N-nitrosation via the inhibition of in vivo nitrate reduction. This 
hypothesis is further strenghtened by the observation that in the 
butterfat-fed rats, no nitrite was detected on incubation of the
stomach homogenates with nitrate either at pH 4.0 or pH 7.4, whereas ;
stomach homogenates from low fat-fed rats did reduce nitrate to nitrite
although only at pH 7.4. No nitrite was subsequently detected in the 2
stomach samples of low fat-fed rats in which nitrite was originally 
present. These stomach samples were incubàted at pH 4.0 and this implies 
that bacterial catabolism of the nitrite had occurred. The non-detection 
of nitrite in any samples incubated at acid pH suggests that nitrate 
reductase activity in the stomach is of purely mammalian origin. A similar 
observation has been made by Fritsch et al. (1976).
Small intestinal homogenates did reduce nitrate to nitrite to a greater 
extent than in the stomach, and although activity wàs higher in low fat- 
fed rats, the difference was not significant.
It would appear that in the rat, the inhibition of N-nitrosation by 
butterfat is a result of its inhibition of nitrate reductase activity 
in the stomach and to a lesser extent, scavenging of the nitrite formed
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by the diet itself. How butterfat inhibits nitrate reductase activity 
in the stomach is not clear, but a physicochemical rather than a 
biochemical mechanism of action seems likely. The fatty acid constituents 
of the component triglycerides of the fats tested may, through their 
chain length, exert a steric influence on fat dispersion in the stomach. 
The presence of unsaturated bonds, because of their high electron 
density, may also have a stereochemical influence on the size and nature 
of the dispersed fat globules. Further studies investigating the effect 
of the other dietary fats on nitrate reductase activity are planned 
which may indicate whether structural influences play an important role 
in the inhibition of nitrate reductase activity in vivo.
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T a b l e  4 . 5 . 1 .
Inhibition of the In Vitro Formation ofiîsfC»ÎA 
From Amidopyrin and Nitrite by. SomeDietary' Fats
Fat Added
NOMA Formed (pimol 1
. 25°C 37°C
None 137.4 155.9
Butterfat 65.1 : 105.9
Coconut Oil 167.3
Olive Oil 87.7 140.3
Maize Oil 83.0 : 137.5
Safflower Oil 67.4 ; 109.2
Fish Body-Oil (MaxEPA) 115.9
T a b l e  4 . 5 . 2 .
Inhibition of the In Vitro Formation of NDMA From 
Amidopyrin and Nitrite by Fatty Acid Methyl Esters
Fatty Acid Ester Added NDMA Formed (jimol 1  ^at 37°C)
None 155.9
Caproate (C6 ; 0) 178.9
Caprylate (C8 : 0) 174.2
Caprate (CIO: 0) ' 178.2
Laurate (C12 : 0) 171.0
Myristate (C14 : 0) 169.5
Palmitate (C16 : 0) 172.8
None 175.7
Oleate (Cl8 : 1) 141.8
Linoleate (C18 : 2) 120.1
Linolenate (18 : 3) 107.1
- 1 7 3 -
T a b l e  4 . 5 . 3 .
Food and Liquid Consumption of Conventional
( CJ) Wistar Rats Fed Various Fat Diets 
and Given 2% in Drinking Water
Expt D iet . Gain,
D aily ■'Pood 
Consumption X g)
Food 
Efficiency,
D aily Liquid 
Intake (mis)
Low Fat ' 82 14.9 2.6 26.1
1 Butterfat 80 14.3 25.1
Maize Oil 64 12.3 2.8 19.1
Low Fat 98 13.1 ; : :2.5:::.::\: 28.7
Coconut Oil 89 12.8; 2.5 /:23.3
2
Olive Oil 93 11.8 ; : 22.:8 :
Safflower Oil 80 12.1 , 2.6 23:5
Low Fat 34 11.8 8.1 9.1
Coconut Oil 17 10.2 14.3
Butterfat 71 13.5 4.5 . li.3
3
Olive Oil 51 11.6 X 4.8 9.2
Maize Oil 35 10.3 7.0 10.1
Safflower Oil 60 12.2 5.0 8.6
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T a b l e  4 .5 . 4 .
NPRO Excretion in Urine of Conventional 
(CV) Wistar Rats Fed Various Fat3> iets
Expt Diet NPRO Excreted (ng day )^
Low Fat 721 ± 151
1 Butterfat ■ 147 +
*
57
Maize Oil 315 + . 84
Low Fat 287 + 77
Coconut Oil 181 + 37
2
Olive Oil 233 + 45
Safflower Oil 197 72
Low Fat 210 4- 37
Butterfat 40 +
*
3
4-
Coconut Oil « +
*
23
. . 3 , ■;
Olive Oil 134; +
*
22
Maize Oil 72 +
*
4
Safflower Oil 53 +
*
7
+
Values represent Means i S.E.M. for 4 rats. 
*Significantly different from low fat diet at P<0.05 by 
analysis of variance.
"^Significantly different from olive oil diet at P<0.05 by 
analysis of variance.
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T a b l e  4 . 5 . 5 .
Food and Liquid Consumption of Germfree (GF), Gnotobiotic (GN) 
and Conventional (CV) Lister ffooded R ats Fed Various Fat Diets 
and Given 2% NaNOg in D rinking Water
Diet
Daily Food 
Consumption (g)
3) aily Liquid 
Intake (mis)
% Wt Gain 
of CVRat
GF CV GF CV
Low Fat 19.7 16.2 10.7 8.8 29
Butterfat 12.1 12.2 10.7
Coconut Oil 
Maize Oil
10.1
11.2
9.6
10.1
10.8
10.6
7.6
8.9
23
27 ,
GN CV GN CV
Low Fat 10.1 16.5 11.8 9.9 27
Butterfat 12.8. 13.8 14.2 12.6
: 32
Maize Oil 14.2 15.1 14.0. 12.5 .26
- 1 7 6 -
T a b l e  4 . 5 . 6 .
NPRO Excretion in Urine of Gemfree (GF) , Gno to biotic (GN) 
and Conventional (CV) Lister Hooded Rats Fed Various FatD iets 
and Given 2% NaNO^ in Drinking Water
NPRO Excreted (ng day )^
GF : CV GN CV
Low Fat 46.9 - 1.3 57.9 2.6 0.0 10.3± 10.3
Coconut Oil 24.5 ± 3.7 51.8 - 5.7
Maize Oil 9.3 - 9.3 37.1-4.6 0.0 0.0
Butterfat 0.0 0.0 0.0 0.0
' + ■Values represent Means - S.E.M. for 2 rats.
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T a b l e  4 . 5 . 7 .
Influence of a Proline Supplement on the In Vivo Excretion of 
NPRO in Urine of Conventional (CV) Lister Hooded R ats Fed a 
CaseinDiet With or Without Butterfat 
and Given 2% NaNOg in Drinking Water
i) iet NPRO Excretion (ng day )
1% Added"Proline No Added Proline
LOW Fat 763 ± 23 0.0
Butterfat 575 - 45 0.0
Values represent Means - S.E.M. for 2 rats.
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T a b l e  4 . 5 . 8 .
Influence of Butterfat on the Excretion of an Oral 
Dose of NPRO in Conventional (CV) Wistar Rats
%NPRO Excretion (24 Hours)
Diet
Urine Faeces
Low Fat 65 ± 10 ■  ^^ 5 ± 3
Butterfat 64 ± 2 9 ^ 2
Values represent Means - S.E.M, for 4 rats.
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T a b l e  4 . 5 . 9 .
Influence of Butterfat on the Stomach pH and the In Vitro 
Formation of NDMA by Stomach Contents of Conventional (CV) 
Lister HoodedR ats
D iet
Forestomach Glandular Stomach
pH NDMA (pmol) pH NDMA (pmol)
Low Fat 
Butterfat
4.5 0.2
4.5 - 0.3
1.7 ± 0.7 
0.9 - 0.2
2.8 ^0.1 : 
2.6 - 0.1
5.0 Ï 1.5 
5.5 -1.1: :
Values represent Means - S.E.M. for 10 rats.
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T a b l e  4 . 5 . 1 0 .
Scavenging of Nitrite in Aqueous Solution by Various FatDiets
D iet % Nitrite R ecovery
Low Fat . 92 . -
*
Butterfat 73
*
Coconut Oil 78
*
Olive Oil . 77. ...
*
Maize Oil 76 -,
Safflower Oil . - 73
Values represent Means - S.E.M. of 3 samples. 
*Significantly different from low fat diet at P<0.05 by 
analysis of variance.
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T a b l e  4 . 5 . 1 1 .
Nitrite Content of Whole Stomach and Small Intestine of 
Conventional (CV) Wistar Rats Fed a Low Fat or 10% Butterfat 
Diet and 2% NaNO^ in Drinking Water
Nitrite Content (jig)
Low Fat Butterfat
*
Stomach 484, 38 0
Small Intestine 0
Samples of each region from 12 rats were analysed.
*Nitrite detected in 2 samples homogenised in O.lM citrate 
buffer, pi 4.0.
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T a b l e  4 . 5 . 1 2 .
NitrateR eductase Activity-in Whole Stomach and Small 
Intestine of Low Fat-Fed and Butterfat-Fed Conventional
(CV) Wistar R ats
Nitrite (jig) at pH 7 .4
Low Fat Butterfat
Stomach '
Small Intestine'
958 it 169 
14770 ± 707
0
: 13894 - 540
Values represent Means - S.E.M. for 6 stomach or 12 small 
intestinal samples.
No nitrite was detected in stomach samples incubated at pH 4.0,
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4.6. DEGRiDATION OF N-NITftOSO COMPOUNDS 
4.6.1. INTRODUCTION
As reviewed in Section 1. (pp. 20^22) various authors have reported that 
the intestinal flora of rodents can degrade N-nitroso compounds in vitro. 
The available evidence suggests that the same can occur in vivo/ for 
example Sumi et al. (1983) reported that greater acute hepatic injury was 
sustained by GF rats than by CV rats following a single oral dose of NDMA. 
The in vivo experiments reported in Section 4.3. would not contribute 
evidence in this respect as the index of in vivo N-nitrosation measured/ 
N-nitrosoproline, has been shown to be unaffected by in vivo catabolic 
processes (Chu et al., 1981/Dailey et al., 1975).
The experiments described here were performed in order to determine 
whether the greater reported susceptibility of the GF rat to the acute 
toxic effects of NDMA may have been due to greater metabblic activity by 
the GF rat liver. The S_g fraction obtained after homogenisation of liver 
and centrifugation at 9000g contains most of its enzymic activity-.
Aliquots of this fraction were used in all in vitro experiments. As 
alterations in the composition of the diet can influence enzyme activity 
in the liver (Amelizad, Narbonne & Oesch, 1985), the effect of some 
dietary constituents on NDMA N-demethylase activity in vitro was also 
investigated.
4.6.2. EXPERIMENTAL PROTOCOL
(a) The In Vitro Metabolism of NDMA by Liver* S_g Fractions
(i) The Effects of the Gut Flora
Three male and 3 female GF and 3 male and 3 female CV Fischer rats, 6
- 1 8 8 -
weeks old, were maintained on a commercial diet (E.Dixon & Sons) and tap 
water. They were killed by cervical dislocation, the livers removed, 
washed in ice cold 0. 9% NaCl, b lotted dry and weighed. The weighed livers 
were homogenised in ice cold O.lM Tris-Kcl buffer, pH 7.4, to make 
33% w/v homogenates. The homogenates were centrifuged at 9000g for 20 
minutes and the protein concentration of the supernatants determined by 
the Sigma procedure outlined on pp. 88-89. Incubation solutions 
incorporating 300 |il supernatant were prepared as outlined in J^pendix 4.2. 
and incubated at 37°C for 30 minutes in a shaking water bàth.
At the end of the incubation period, 1.5 ml 50% w/v trichloroacetic acid 
(TCAA) was added to each solution to end the reaction and precipitate 
protein and the suspension clarified by centrifugation at 18000g for 10 
minutes. The formaldehyde concentration of the supernatant was measured 
according to the procedure outlined on pp. 89-90 and the total and specific 
NDMA N-demethylase activities for each liver calculated. Blank incubation 
solutions for each sample were prepared by addition of the TCAA to the 
incubation medium before the liver supernatant.
(ii) Influence of D ietary Components 
Protein
Four male and 4 female, 5 week old, GN Wistar rats of the Porton strain, 
contaminated by 3 unidentified bacterial species and 3 male and 5 female 
CV counterparts ate a 20% lactalbumin or 5% lactalbumin diet (Appendix 1.8.) 
and drank double distilled water for 3 weeks. At the end of the feeding 
period, the rats were killed by cervical dislocation and liver NDMA 
N-demethylase activity assayed as outlined previously.
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Butterfat
Eight CV Wistar rats of the Porton strain, 4 weeks old, ate a purified 
low fat or 10% butterfat diet (^pendix 1.10.) and drank distilled 
water for 3 weeks after which they, were killed by cervical dislocation 
and the livers removed. As a matter of interest to determine whether 
any NDMA N-demethylase activity was present in the small intestine, a 
16 cm portion, measured from the pylorus was removed and flushed with 
ice cold 0.9% NaCl. NDMA N-demethylase activity in both organs was 
assayed as outlined previously.
(b) The In Vivo Metabolism of NDMA by GF and CVRats
Two experiments were done to compare the hepatotoxic effects of NDMA in 
GF and CV rats. The extent of damage to the liver was assessed by 
measurement of transaminase activity in the serum and by histological 
examination.
In experiment i, two male GF and 2 male CV Fischer rats, 9 weeks old, were 
fasted for 18 hours. After being anaesthetised with halothane (Fluothane, 
ICI, Cheshire, U.K.) they were gavaged with a filter-sterilised solution
-1of NDMA (Sigma Chemical Co.) in distilled water, the dose being 11.0 mg kg 
An equal number of control rats received an equal volume of distilled water 
by gavage. After 48 hours, the rats were anaesthetised with ether and blood 
taken directly from the heart and allowed to clot. The serum was analysed 
for GOT and GPT activity as outlined on pp. 91— 92. The livers were removed, 
washed, and sections from each lobe placed in formol saline prior to 
haemotoxylin-eosin staining and microscopic examination.
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In experiment ii, one male and 1 fernale GF and 1 male and 1 female CV 
Fischer rats, 8 weeks old, were given an oral dose of 22 mg kg”  ^N MA 
as outlined previously, their controls receiving an equal volume of 
distilled water. Blood and liver sections were obtained as described 
before and the extent of hepatic damage determined histologically and 
by measurement of GOT and GPT activity in serum.
4.6.3. RESULTS
(a) In Vitro Experiments
In both experiments on rats in different environments, the livers of CV 
rats were significantly heavier in relation to body weight than those of 
their GF or GN counterparts (Tables 4.6.1. & 4.6.2.). In rats fed a 
commercial diet, livers of male rats were significantly heavier than those 
of females. On this occasion, the total protein content of the S_g 
fraction was similar in both environments but was much higher in male rats. 
In contrast, a significantly higher protein content of the S_g fraction 
was observed in CV rats compared to GN rats and in rats fed the 20% 
lactalbumin diet. The NDMA N-demethylase activity was therefore expressed 
as the total activity per liver as well as the specific activity.(per g 
S_g protein).
In both experiments on rats in different environments, no significant effect 
of environment on total or specific NDMA N-demethylase activity was 
observed but S_g fractions from male rats were significantly more active 
than those from female rats. The protein contfent of the diet had no 
significant effect on NDMA N-demethylase activity in either GN or CV rats.
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In CV Wistar rats, dietary butterfat did not influence liver weight or 
the total protein content of the S_g fraction when compared to a low fat 
diet. Although there was a tendency for butterfat to increase the in vitro 
NDMA N-demethylase activity of liver and small intestine, the effect was 
not quite significant. The specific activity in the small intestine was 
found to bfe much higher than in the liver but the total activity was veiy 
much lower (Table 4.6.3.).
(b) In Vivo Experiments
The livers of rats in both environments which received the largest dose 
of NDMA were darker in colour than those of their controls and numerous 
petechial haemorrhages were observed. In both environments, GOT and GPT 
values in serum were much higher than control values in.rats given the 
largest dose of NDMA (Table 4.6.4.) but a clear effect of environment or 
sex was not apparent. Only one GF female rat which had received the 
largest dose of NDMA had noticeably high serum GOT and GPT values and 
these were correlated with the most severe degree of necrosis seen in
4.6.4. DISCUSSION
The heavier livers in CV rats compared to GF rats agrees with other 
findings (Kellogg et al., 1969) and may be the result of the greater 
workload required in detoxifying products of microbial metabolism. It 
might therefore be expected that NDMA N-demethylase activity would bê 
greater in the CV rat liver but this was not the case. Although"the 
activities of a number of liver enzymes have been reported to be higher 
in the CV rat, others, e.g. malate dehydrogenase, have been shown to be
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similar to or lower e.g. ATP-citrate lyase, than in the GF rat ^ eddy et 
al., 1973) . y
A consistent effect of environment, liver weight or sex on the protein 
content of liver S_g fractions was not observed. The reason for this is 
unclear, but may be related to the use of both commercial and purified 
diets. The in vitro results however suggest that the N-demethylation of 
NpMA/by rat liver homogenates is not influenced by the gastrointestinal 
microflora. The significant sex differences observed indicate that enzymic 
activity may bè controlled to some extent by sex hormones.
The greater susceptibility of the male rat to NOMA-induced hepatic damage 
has previously been reported (Garcia Simon, Ballenilla, Thais, Silva 
Gonzalez & Luis Bello, 1984). The results of the in vivo experiments ; did 
not confirm those of Sumi et al. (1983) who demonstrated a greater 
susceptibility of the GF rat to acute liver injury by NOMA. However, the 
greatest damage as measured by serum transaminase activity and liver 
histology was observed in a GF rat although at a higher dose than that 
used by Sumi et al. (1983). As this rat was female, the observation did 
not correlate with the results of Garcia Simon et al. (1984) or the in 
vitro results reported here.
The protein content of the S_g fraction did not correlate with NDMA 
N-demethylase activity nor did the quantity of dietary protein influence 
NbMA N-demethylase activity in either GN or CV rats although a 
significantly Tower amount of S_g fraction protein was present in the ‘ 
livers of rats on the low protein diet. It is generally accepted that the 
cytochrome P_^gg content of the liver is decreased and the microsomal
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oxidation of a variety of substrates impaired by a protein-deficient ' 
diet (e.g. Campbell & Hayes, 1976). These results suggest that NdMA 
N-demethylation does not occur via cytochrome P_^gQ-mediated oxidation
Increased NDMA N-demethylase activity which was not quite significant, 
was observed in liver and small intestinal S_g fractions of rats fed a 
10% butterfat diet when compared to those on a low fat diet (Table 4.6.3).
S_g fraction protein was not increased by the bûtterfat diet. Lambert and 
Wills (1977) have reported that a 10% herring oil diet caused a rapid 
increase in the oxidative déméthylation of aminopyrine and that the effect 
was mainly due to the unsaponifiable sterol fraction of the herring oil. 
Whether the same applies to butterfat is unknown.
The N-demethylation of NDMA by the small intestine may have important 
consequences in its detoxication in vivo. Orally ingested NDMA is very 
rapidly absorbed from the duodenum in the rat (Hashimoto et al., 19*76).
It is possible that its metabôlism by the enterocytes which are destined 
to be sloughed may be a defense mechanism. As reviewed in Section 1.
(p.30), the enterocyte turnover rate in the CV rat is 50% higher than in 
the GF rat. Thus differences in age and metabolic activity of the enterocytes 
of GF and CV rats may account for the greater hepatic damage sustained 
by GF rats reported by Sumi et al. (1983).
The pathway of NOMA metabolism in Vivo is still unclear. In a review of 
NOMA metabolism in vitro , Pegg (1980) stated that the majority of evidence 
favoured the pathwày outlined on the following page which is catalysed by
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the cytochrome mixed function oxidase system ;
H3 C : : H3 C
\  NAOPH \
N-N=0  ------- ► N-N=0
/  °2 /
H3 C HOH2 G
H3q^
-— ► N-N=0
H
/
«2+
Œ 3 N 2 OH
HŒO
CH3 X + N2
Several forms of the cytochrome P.^^q enzyme appear to exist, some being 
membrane-bound, others apparently soluble in the cytoplasm (Kroeger-Koepke 
& Micheida, 1979). NOMA N-demethylating activity in vitro was also reported 
to be dependent on the nature of the buffer used and the concentration 
of cytochrome P_4 3 Q and NDMA (Lotlikar, Book Hong & Baldy, 1978," Prasanna, 
Lotlikar, Brandt & Magee, 1985). Tu and Yang (1985) demonstrated that the 
ethanol-induced form of cytochrome P-4 5 Q was effective in catalysing 
NDMA déméthylation but the phenobarbitone-induced form was not. The
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metabolism of NOMA has been shown to be inhibited by compounds known 
to interfere with ethanol metabolism e.g. pyrazole (Phillips, Heading,
Lake, Gangolli & Lloyd, 1974).
The importance of the cytochrome P.^gQ-mediated bioactivation of NoMA 
has been disputed. Masson et al. (1983) have reported that cytochrome 
P-4 5 0 -mediated N-demethylation of NDMA does not lead to mutagenicity in 
the Ames test. Inhibitors of hepatic amine oxidase have been shown to 
inhibit the NOMA-induced mutagenesis of Salmonella typhimurium (Rowland, 
Lake, Phillips & Gangolli, 1980). 1,1-dimethyIhydrazine, which has a 
similar structure to NDMA has been shown to be demethylated by rat colonic 
mucosa via a mechanism that was distinct from the NADPH-dependent cytochrome 
P - 4 5 0  system and was linked in part to prostaglandin synthesis (Craven, 
Neidig & D erubertis, 1985).
The NADPH-dependent microsomal metabolism of NDMA has also been shown to 
result in the formation of nitrite which is a possible detoxifying 
pathway for this class of carcinogens (Appel, Schrenk, Schwarz, Mahr &
Kunz, 1980). This reductive denitrosation has been suggested to be 
catalysed by the superoxide radical as it was inhibited by superoxide 
dismutase which also inhibited N-demethylation (Tu et al., 1985). An 
oxidative denitrosation reaction catalysed by the hydroxyl radical and 
resulting in metabolic activation has been suggested by Haussmann and 
Werringloer (1985).
It is possible that the biological response to NOMA is a multifactorial 
process, the reactive intermediate(s) being generated by several enzyme
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sÿstems along more than one pathway. Under the conditions of the experiments 
reported here, no marked influence of the gut flora or of diet on NDMA 
N-demethylating activity could be demonstrated. Nevertheless, the possibility 
remains that the in vitro system chosen was not adequate to approximate the 
pathway of NoMA metabolism in vivo.
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4.7. GENER AL'OISOJSSION
These studies were undertaken to investigate the relationship between 
diet, gut microflora and toxicity and the pathway of nitrate reduction 
and N-nitroso compound formation was chosen as the model system. Situations 
in which the gastrointestinal flora had a strong influence on xenobiotic 
metabolism were revealed and in others, dietary influences were more 
important. There were also indications that in some instances the effect 
of the diet was mediated by the activity of the gut flora.
The results showed that nitrate reduction can occur in the absence of a 
microbial flora in the gut and nitrate reductase activity was demonstrated 
in stomach and small intestinal mucosal tissue. An influence of the flora 
on the metabolism of xenobiotics may not always be the result of a direct 
involvement in the in vivo metabolic process. In studies on the N-nitrosation 
reaction, it was found that N-nitrosation ^ occurred primarily in the acid 
environment of the stomach and to a greater extent in the 07 rat than in 
the GF rat. The reaction was influenced to some extent by the pH of the 
stomach contents which, in the CV rat, can be lower than in the GF rat, 
presumably due to the presence of acidic end products of microbial 
metabolism. It was shown however, that unidentified microbial products were 
themselves responsible for the greater synthesis of N-nitroso compounds in 
the CV rat through their catalytic effect on the N-nitrosation reaction.
The experiments with the protein diets illustrate a situation where dietary 
influences may be mediated by the gut flora. The endogenous synthesis of 
nitrate occurred in the absence of a microbial flora and an increase in
- 2 0 2 -
dietary protein increased both the excretion of nitrate and nitrosamine 
in urine. The presence of the gut flora decreased the excretion of 
endogenously synthesised nitrate , possibly by reduction of some of the 
nitrate formed. The pathway of endogenous nitrate formation is not known 
but the results suggest that it may arise from nitrogenous end products 
of protein catabolism. The ability of the gut flora to deaminate amino 
acids and urea to produce NH3 , a possible intermediate in the genesis of 
nitrate in vivo, could lead to more nitrate formation by CV animals. The 
increase would be negated if microbial nitrate reduction occurred. Thus 
the gut flora may play a greater part in the synthetic reaction than is 
apparent from the results presented.
A high intake of dietary fat was found to inhibit N-nitrosation in rats 
receiving nitrate orally and the possible influence of the flora in thrs 
instance has not been investigated fully. It appears that unsaturated 
fatty acid constituents of dietary fats may inhibit the N-nitrosation 
reaction itself in vivo, but butterfat, consisting largely of saturated 
short and medium chain fatty acids, had by far the greatest inhibitory 
effect on N-nitrosation and this was shown to be the result of the 
apparently complete inhibition of nitrate reductase activity in the stomach. 
The effect of butterfat may be an example where the physicochemical 
characteristics of a dietary constituent rather than its biochemical action 
on enzyme systems may alter the in vivo fate of an ingested xenobiotic.
The influence of protein and of fat on N-nitrosation in vivo has been 
demonstrated here but the results also suggest that the fibre content of
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the diet may increase the formation of N-nitroso compounds. In contrast 
to the study which demonstrated the catalytic effect of the gut flora on 
N-nitrosation in rats fed a commercial pelleted diet, no such effect was 
observed when rats were fed the fibre-free protein and low fat diets.
Thus microbial fermentation of indigestible dietary fibre may have an 
important influence on N-nitrosation in vivo and studies are planned to
The studies of R eddy et al. (1973) have indicated that some liver enzyme 
activities are increased in the presence of a flora, presumably in 
response to the need to detoxify microbial metabolites. NDMA is metabolised 
in the liver and the in vivo studies of Love etal. (1977) and Sumi et 
al. (1983) showing that NOMA was less, hepatotoxic to CV rats than to GF 
rats suggest that the gastrointestinal flora may either bé detoxifying 
NdMA or liver enzyme activities were higher in the absence of a gut flora. 
In the experiments reported here, no clear effect of the gastrointestinal 
flora on nitrosamine metabolism in vivo was observed nor was the in vitro 
N-demethylating activity of liver S_g fractions significantly affected 
by the presence of the gut flora, the protein content or fat content of 
the diet. The absence of an effect of dietary protein is in contradiction 
to the general view that liver microsomal enzyme activities are decreased 
by a protein-deficient diet but in the incubation system used, the enzyme 
activity measured ma/ not have been due to a mixed function oxidase enzyme.
It has been increasingly realised that nutrition is a major factor 
affecting the toxicity of chemicals. Natural ingredient diets containing
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unrefined constituents such as fish meal, cereals, yeast, molasses, 
skimmed milk and oil seed meals (Clarke, Coates, Eva, Ford, Milner et 
al., 1977) are currently used in most toxicological programmes, but the 
use of purified diets has been advocated (Wise, 1982), as quality ; 
control is more easily achieved. However, natural ingredient diets can 
contain as yet unidentified constituents which may result in the better 
growth of animals and lower responses to toxic chemicals compared to a 
purified diet (Bounous, Pageau & R egoli, 1978). Conversely, as reported 
here, N-nitrosation is apparently enhanced in rats fed a natural 
ingredient diet compared to a purified diet.
The quantity of individual dietary constituents may also have an 
important influence on the results of toxicological tests.Deliberate 
variations in protein, carbohydrate, lipid and trace nutrient 
composition produce many biochemical changes in experimental animals 
and as a result, influence their response to toxic chemicals. This 
subject has been reviewed (Boyd & Campbell, 1983; Parke & loannides, 
1981). The nitrate/nitrosamine model system investigated here may 
potentially be a contributing factor in the genesis of tumors . These 
studies have shown that fat inhibition of N-nitrosation can occur in 
vivo but its potential value in tumor ; inhibition remains to be seen.
It is generally recognised that a high total fat intake increases 
tumorigenesis in the breast and colon (e.g. R eddy, Weisburger & Wynder, 
1974) and it appears to be the result of increased tumor promotion 
rather than tumor initiation (Carroll, 1980).
The protein content of the diet influences liver enzyme activities and
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would therefore be expected to influence the chemical induction of 
carcinogenesis by compounds requiring activation to reactive 
intermediates. In general, relatively high levels of dietary protein 
enhance carcinogenesis, but very high levels suppress chemically- 
induced tumor formation (e.g . Wells, Alftergood& ALfin-Slater, 1976). 
The relationship between the protein content of the diet and tumor 
formation does not appear to be a simple one and probably depends on 
the nature of the carcinogen and other factors associated with protein 
intake e.g. renal toxicity due to high levels of protein and excess 
dietary carbohydrate intake from low protein diets.
It is current practice for rat diets for toxicological research to 
contain 20% protein, but a dietary concentration of 10% is adequate 
for maintenance. The protein in excess of requirements has been 
demonstrated, in the studies reported here, to result in increased 
nitrate and nitrosamine excretion. This implies that the excess dietary 
protein would increase the chance of tumor formation. In safety 
evaluation studies, this may result in experimental animals which 
would be more sensitive to the tumorigenic effects of the, compound 
under test, or simply because of a high incidence of "spontaneous" 
tumors in control animals, a less sensitive assay.
The studies presented here have demonstrated an influence of diet and 
the gastrointestinal microflora on xenobiotic metabolism. In the design 
of toxicological investigations, diet-gut flora-xenobiotic interactions 
which may influence the outcome should be considered both as a means of
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conducting a sound programme of research and as an aid to the 
interpretation of results.
APPENDIX
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A p p e n d i x  1 . 1 *
DFFGML AC ; D iet (E .Dixon & Sons)
CÜNSîIlUEij)
CRUDE OIL 
CRUDE PROTEIN 
CRUDE FIBRE 
DIGESTIb'LE CRUDE OIL 
DIGESTIBLE CRUDE PROTEIN 
DIGESTIBLE CRUDE FIBRE 
DIGESTIBLE CARBOHYDRATE 
GROSS ENERGY 
METABULISABLE ENERGY 
SATURATED FATTY ACIDS : 
LINOLEIG ACID
OTHER UNSATURATED FATTY ACIDS
CALCIUM
PHOSPHORUS
SODIUM CH l URIDE
MAGNESIUM
POTASSIUM
SULPHUR
IRON '
COPPER
MANGANESE
CuBAL'i
ZINC
IODINE
ARGININE
LYSINE
METHIONINE
CYSTINE
TRYPTOPHAN
GLYCINE ; '
HISTIDINE : V
IHREONiik
ISOLEUCINE
LEUCINE
PHENYLALANINE
VALINE
TYROSINE
ASPARTIC ACID
GLUTAMIC ACID
PRULlNE
SERINE
a s h  .
VITAMIN D3 
CAROTENE 
VITAMIN B1 
VIiAMIN 82 
VITAMIN B6 
VITAMIN Bl2 
VITAMIN E 
VITAMIN K 
FOLIC ACID 
NICOTINIC ACID 
FANIOTHENIC ACID 
CHOLINE CHLORIDE 
BIOTIN 
INÜSIÎÜL 
VITAMIN A
2.2%
18. 
3. 
1.
15.
1.
51. 
37U- 
2698.
0 
0 
1 
1 
0 
; 1 
0 
0
; 0 
112 
12 
68 
. 1 
36 
0 
1
C 1 
0 
0 
0 
: 1 
0 
0 
0 
1 
0 
. 0 
' 0 
 ^ 1 
2 
1 
0 
6
u 1479 
0 
19 
15 
12 
198 
57
3%. ■ .
2%
7%
7%
7% ;
8%,
8 cals kg 
7 cals kg~^
-1
.4!
0%
2%
7%
3%
2%
8%
2%  7 '
9 rag kg~^ 
1 mg kg“  ^
4 mg kg~ ^ 
1 mg kg“^
7 mg kg~^
8 mg kg"^ 
3%
0%
4%
4 %
2%
0%
5%
7%
7%
9 %
6%
8%
9 %
2%
9 %
5%
- 1.6 iu kg 
.8 mg kg“  ^
.7 mg kg“  ^
.5 mg kg”  ^
.6 mg kg“ ’^ 
.0 mg kg“  ^
.3 mg kg“^
3.2 mg kg
64.9 mg kg
33.1 mg kg
- 1
- 1
-1
-1; 2.2 g kg'
0.2 mg kg"^
2.1 g kg"^
10953.2 in kg"^
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i ^ p e n d i x  1 . 2 .  .
HID D iet (K.&K. Greeff)
Proximate Analysis
Crude Oil 
Crude Protein 
Crude Fibre 
Calcium (as Ca) 
Phosphorus (as P) 
Salt (asNaCl)
Metabolisable Energy 
Carbohydrate (as %)
2.7% 
19.7% 
5.3% 
0.6% 
0.7% 
1.0% 
2568 kcal/kg 
53.48
Amino Acids (as percentage of feed)
Threonine
Glycine
Valine
Cystine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine
Tryptophan
0.7
0.9
1.0
0.2
0.3
0.8
1.5
0.7
0.9
1.0
0.5
1.2
0.2
Trace Elements Added
Manganese 25 ppm
Copper 7 ppm
Cobalt 0.4 ppm
Iron 30 ppm
iodine 1.3 ppm
Magnesium 102 ppm
Vitamins Added per kg
Vitamin A 8,000 iu
Vitamin 03 1,000 iu
Vitamin Bz 8 mg
Nicotinic Acid 50 mg
Pantothenic Acid 12 mg
Vitamin 012 12/Lig
Vitamin E 60 iu
Vitamin K 10 mg
Folic Acid 10 mg
Choline Chloridp 200 mg
Vitamin Bi 4 mg
Vitamin Be 6 mg
-209- 
^pendix 1.3.
L A D -2 Diet (K.&K. Greeff)
Crude Composition (g/kg diet)
Moisture
Cnjde Protein (N x 6.25)
Crude fat (by Soxhiet)
Mineral matter (ash)
Crude fibre '
Calculated digestible carbohydrates 
Gross energy (MJ/kg)
Digestible energy (calc) (MJ/kg) 
Starch
Sugars (as sucrose)
Vitamins (mg/kg diet)
Retinol
Ghoiecalciferol 
Tocopherols 
Menaphthone 
Thiamin ’
Riboflavin 
Cyanocobalamin 
Choline 
Folic acid
Nicotinic acid (total)
Pantothenic acid 
Pyridoxine 
Biotin (total)
Minerals (g/kg diet)
Calcium
Phosphorus
Sodium
Potassium
Magnesium
Chloride as Cl'
Sodium chloride
85
220
37
55
21
480
17.2
14.19
410
28
4.3
0.038
44.0 
1.0
: 5.5
6.0 
0.015 
1100.0 
1.6
50.0
17.0 
6.0 
0.2
10.5
7.0 
2.9
10.0
1.5
4.0 
6.8
Mineraij U'lg/^ yr
Selenium
Arsenic
Iron
Copper
Manganese
Zinc
Molybdenum
Fluorine
Iodine
Chromium
0.2
<0.2
175.0
14.0
50.0
60.0 
< 1.0 
25.0
0.25*
0.5
Added before manufacture
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L AD-2 O let cont'd
Total Lipids (g/kg diet)
Crude fat
Non-Saponifiableiiquid 
Saponifiable liquid •
Crude fat
iodine value of fat (units) 
Choline
Composition of total extracted 
fat (g./kg extract)
Myristic
Palmitic
Palmitoleic
Stearic
Oleic
Linoleic
Linolenic
Octadecatetrienoic
Arachidonic
Eicosapentaenoic
Decosahexaenoic
Amino Acids (g/kg diet)
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Ammonia
Arginine
Protein (N x 6.25)
Total N 
N recovered 
% recovery
Contaminants
Mineral oil 
Aflatoxin
Petrol
Extract
15.0
Diethyl Ether 
& Petroleum 
Hydrolysed.
33.5
3.85
29.65.
Chloroform: 
Methanol: 
Water Extract
33
25
75
0.60
Chloroform: Methanol: 
water extract
128
14
23
199
523
37
16
18
16.6
8.4
10.7
38.0
35.1
12.8
11.7 
2.8
10.4
4.2
8.2
16.8 
6.1
9.4 
5.0
11.3 
5.2
13.0 
213.0
34.1 
•31.5
92.4
Trace
Not detected
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^ p e n d i x  1 . 4 .
Vitamin Mix for PurifiedDlets
Ingredient g kg
Biotin 0.060
Qiolecalciferol mix (see p. 2f%) 0.025 (0.075)
Choline chloride 134.000
(ÿanocobalamin mix (see p. 2f%) 0.030
Folic acid . 0.600
Inositol 20.000
Menadione sodium bisulphite 0.015
Niacinamide 9.000 (12.000)
Pyridoxine HCl 4.200
Calcium pantothenate 4.800
^ • _i - :Retinyl palmitate (500,000 iu g .) 2.400 (4.800)
Riboflavin 3.600
Thiamine H CL 3.600
: ' : : ' : . * 
Maize starch 817.670 (812.250)
*Quantities present in vitamin mix for lactalbumin diets,
Jdded directly to diet at time of mixing ^ .
All vitamins except retinyl palmitate were obtained from Sigma 
Chemical Cb. Retinyl palmitate was obtained from Roche Products Ltd,
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i ^ p e n d i x  1 . 5 .
Cyanocobalamin Mix
-1
Ingredient g kg
Cyanocobalamin 100
Maize starch 900
Qiolecalciferol Mix
■ _ 1
Ingredient : g kg
Qiolecalciferol 100
Maize starch 900
;■ - 2 1 3 -
i p p e n d i x  1 . 6 .
Mineral Mix for Purified Diets
Ingredient g kg
Potassium citrate.H2 O 290.1
Magnesium sulphate.7 H2 O 139.2
Sodium chloride 37.3
calcium carbonate 241.6
calcium tetrahydrogen
275.9
diorthophosphate.H2 O
Sodium metasilicate.5 H2 O 5.3
Trace mix (see p. 2/4) 10.6
All chemicals were obtained from E) H Chemicals Ltd.
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Jppendix 1.7.
Trace Mineral Mix
Ingredient g kg ^
Ferrie citrate 572.3
Manganous carbonate 285.4
Zinc carbonate.3 H2 O 57.9
Nickel sulphate 37.1
Cupric carbonate.H2 O 25.2
Stannic chloride.5H2Ü 7.8
Sodium fluoride 6.1
itamonium metavanadate 3.0
Chromic chloride.6 H2 O ,2.6
Sodium selenite 0.9
Potassium iodide 0.5
Anmonium molybdate 0.2
All chemicals were obtained from BDH Chemicals Ltd.
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Formulae of Lactalbumin Diets
.ingredient .. ^ ,,^ -1
Maize starch 685.0 (835.0)
*
Lactalbumin 200.0 (50.0)
Maize oil 50.0
*
15.7
calcium tetrahydrogen 
diorthophosphate
Potassium citrate 9.9
calcium carbonate 5.8
Magnesium sulphate 4.8
Sodium chloride 1.3
Sodium metasilicate 0.2
Trace mix 0.4
Vitamin mix 10.0
Methionine 5.4
L-Proline 10.0
^Quantities present in 5% lactalbumin diet.
Lactalbumin was obtained from Sigma Chemical Co.
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Appendix 1.9.
Formula of Sesame Meal D iet
Ingredient g kg“^
Sesame meal 200.0
Safflower oil 10.0
Maize starch 627.0
Sucrose 100.0
Mineral mix 35.0
Vitamin mix 10.0
Alpha-cellulose 20.0
DL-Methionine 3.0
L-Proline 10.0
-L-lysine-supplemented diet contained above quantities 
except 2.27 g maize starch was replaced by a similar 
amount of L-Lysine HCl.
Anino acids were obtained from Sigma Chemical Co. 
Alpha-cellulose was obtained from Sigma Chemical Co.
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Formulae of FatDlets
Low Fat :0 let 
:
Casein 100.0
Maize starch 845.0
Safflower oil 10.0
Mineral mix 35.0
Vitamin mix 10.0
10% Added FatD iet
Ingredient - g kg“^
casein 112.0
Maize starch 726.0
Safflower oil 11.0
Mineral mix 40.0
Vitamin mix 11.0
Added fat 100.0
All fats were obtained from Sigma Chemical Cb. except 
butterfat which was prepared by washing a sample of melted 
Wheelbarrow unsalted butter in 4 times its weight of hot 
distilled water and allowing the butterfat to separate.
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Preparation of Vitamin B 1 2  Solution
Ingredient Weight
Cyanocobalamin 0.02
Sodium dihydrogen phosphate.2 H2 O 1.20
Sodium chloride 3.00
The above chemicals were dissolved in distilled water to 
make 400 mis of solution and sterilised by steam at 121°C. 
Two mis were added to 1 litre of drinking water.
- 2 1 9 -
p p e n d i x  2 . 2 .
Preparation of Vitamin Solution
Vitamin Kp was supplied by Roche Products Ltd. in sterile 
1 ml ampoules containing 10 mg 3-phytylmenadione (Konakion 10) . 
Each ampoule contained 0.5% w/v phenol as a bactericide and 
polyethoxylated castor oil as a.dispersing agent. Within an 
isolator, the contents of an ampoule were diluted to 25 mis 
with water and 2 mis of the resulting solution added toi litre 
of drinking water.
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Preparation of Vitamin A and E Solution
Ingredient Weight (g)
Retinyl palmitate in maize oil (Sigma) 2.0
3>L-oC-Tocopherol acetate (Sigma) 10.0
The vitamins were dissolved in maize oil and the solution
made up to 100 mis. Sterilisation was achieved by y -radiation 
at 50 KGy. 0.2 ml was given to each rat orally every 2 weeks.
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Duplicate samples of dilutions of faeces in various culture 
media were made aseptically and incubated for 3 weeks in the 
following manner :
(a) 1: 10 dilutions in malt extract incubated aerobically at 25° C.
(b) 1:10 dilutions in brain heart infusion incubated aerobically 
at 37°c. : : :
(c) 1: 10, 1:100 and 1: 1000 dilutions in thioglycollate medium 
incubated anaerobically at 37° C.
The culture bottles were examined periodically for signs of 
microbial growth.
1: 20 suspensions of fresh faeces in-distilled water were treated 
in the following manner for microscopic examination :
(a) Alcohol fixed
(b) Gram stained
(c) Giemsa stained
(d) Unfixed
- 2 2 2 -
A p p e n d i x  4 . 1 .
Preparation of Krebs-R inger Phosphate Buffer, pH 7.4
Ingredient 
Sodium chloride 
Potassium chloride :
Potassium dihydrogen orthophosphate 
Magnesium sulphate.7H20.
Disodium hydrogen orthophosphate.2 H2 O
Weight (g)
3.5999
0.1873
0.0838
0.1518
1.4951
The above chemicals were dissolved in double distilled water 
and diluted to 500 mis. The pH of the solution was adjusted 
to pH 7.4 with IM HCL.;
Ad-1 chemicals were obtained from B)H Chemicals Ltd. or 
Fisons.
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Incubation Solution for the D etermination of the 
In Vitro N-D emethylating Activity of R at Liver 
and Small Intestinal S_g Fractions
Ingredient
N.ADPH (2mM), 
Semicarbazide HCl (lOmM) 
NOMA (lOOmM)
S_ 9  Fraction
Volume ()il)
1000 
100 .
100
300
All solutions were prepared in 0.IM Tris-KCl buffer, pH 7.4. 
Numbers in parentheses represent concentration in the incubation 
solution.
All chemicals were obtained from Sigma Chemical Co.
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